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PREFACE  TO  THE  THIRD  EDITION. 


Ik  presenting  this  third  edition  to  tbe  public,  it  is  nnfortnnately  my 
duty  to  apologise  to  those  interested  in  the  work  for  the  delay  that 
has  taken  place  in  its  publication;  this,  however,  has  been  dne  to 
circumstances  over  which  I  discovered  eventually  that  I  had  but  little 
control.  To  avoid  disappointing  the  public  generally,  and  prevent 
them  firom  expecting  to  find  anything  in  this  book  that  is  not  in  it,  it 
18  necessary  to  state  the  intentions  and  scope  of  the  work. 

The  object  of  this  Manual  is  to  aid  the  hydraulic  engineer  in  his 
calculations  by  means  of  a  collection  of  working  tables  based  on  the 
most  improved  modem  principles,  and  by  a  small  amount  of  text 
setting  forth  these  principles  and  giving  all  the  necessary  formulas  in 
a  concise  manner ;  also  to  serve  as  a  guide  in  hydraulic  field  opera- 
tions by  giving  short  resumes  of  the  modes  adopted  in  the  field  by 
the  engineers  whose  experiments  have  been  particularly  eminent  in 
producing  practical  and  theoretical  results. 

A  few  miscellaneous  paragraphs  on  various  hydraulic  subjects  are 
also  attached  with  the  hope  that  some  of  them,  may  prove  of  interest, 
and  that  others  may  show  the  state  to  which  the  collective  experience 
of  the  past  has  arrived,  unsatisfactory  though  it  may  be  in  many 
instances. 

In  such  a  work,  which  is  necessarily  a  compilation,  the  principal 
object  has  been  to  avoid  as  much  as  possible  any  attempt  at  originaJity* 
which  might  defeat  the  object  of  the  Manual,  and  at  the  same  time  to 
incorporate  the  most  recent  information  in  the  form  most  convenient 
for  practical  application,  while  not  neglecting  any  of  the  more  ancient 
hut  still  useM  modes  and  formulae  of  calculation  that  have  not  'j^t 
been  superseded. 
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The  works  principally  coiisolted,  and  from  which  extracts  and  infor- 
mation have  been  taken,  are — D'Anbuisson's  *•  Hydraulics,"  D'Arcy 
and  Bazin's  "  Recherches  Hydranliqnes ;"  the  "  Cnltur-Ingenieur,"  for 
1869  and  1870,  containing  the  valuable  articles  of  W.  R.  Kutter,  of 
Bern ;  Glaudel's  Tables,  constructed  on  the  system  of  Dupuit ;  the 
Mississippi  Report  of  Captains  Humphreys  and  Abbot;  the  Lowell 
experiments  by  Francis ;  the  "  Hydraulics  of  Great  Rivers,"  by  J.  T. 
R^vy ;  also,  in  a  small  degree,  Box's  "  Hydraulics,"  Neville's  well- 
known  work  on  the  same  subject,  Stoddard's  and  Dwyer's  works, 
Spon's  "  Dictionary  of  Engineering,"  Hurst's  Manual,  some  ancient 
numbers  of  various  periodicals  and  cyclopeedias,  and  some  articles  in 
the  Roorkee  professional  papers,  by  Colonel  Dickens,  Mr.  Burge,  and 
Mr.  J.  H.  E.  Hart. 

In  addition,  my  thanks  are  especially  due  to  the  latter  gentleman, 
for  placing  at  my  disposal  his  valuable  MSS.  on  dams  and  walls,  and 
to  a  friend  for  his  on  towage. 

The  Second  Part  of  the  Manual,  annexed  to  the  first  in  accordance 
with  the  wishes  of  the  Secretary  of  State  for  India,  consists  entirely 
of  hydraulic  and  meteorological  statistics,  the  former  principally,  and 
the  latter  altogether,  Indian. 

The  hydraulic  statistics  may  be  useful  for  reference  in  connection 
with  works  of  irrigation,  storage,  and  river-improvement  in  any  part 
of  the  world,  but  more  especially  in  hot  climates.  It  has  not,  however, 
been  found  advisable  to  incorporate  with  them  any  statistics  of  irriga- 
tion suitable  to  England  or  to  cold  climates  generally,  because,  though 
the  irrigationists  in  England  have  certainly  achieved  an  important 
success  in  demonstrating  unmistakeably  that  theirs  is  the  only  practical 
mode  of  dealing  with  sewage,  and  are  likely  to  carry  out  such  matters 
on  a  more  extended  scale  ;  yet,  in  the  first  place,  this  system  of  sewage 
irrigation  differs  greatly  from  the  more  simple  watering  practised  in 
warm  countries ;  and,  in  the  second  place,  the  experiments  and  results 
obtained  at  Croydon,  Barking,  Merthyr  Tydvil,  Aldershot,  and  the 
few  other  places,  do  not  appear  to  admit  of  satisfactory  comparison, 
or  to  afford  a  guidance  useful  under  other  local  circumstances  and 
conditions,  either  as  regards  amount  or  intermittency  of  supply. 

Such  of  the  hydraulic  statistics  as  relate  to  India  were  mostly  col- 
lected by  myself  persopally,  in  the  various  provinces  of  India  from  the 
different  local  officials  and  Government  records,  and  reduced  to  their 
present  shape.  These  cannot  be  expected  to  be  of  so  much  interest  to 
engineers  of  exclusively  home  practice  as  to  those  of  more  extended  ex- 
perience  ;  and  ligain,  the  results  shown  by  them  may  appear,  in  the  eyes 


of  many,  to  be  small  in  comparison  with  what  might  have  been  done 
in  India  under  a  more  favourable  administration.  While  the  latter  is 
doubtless  true,  ite  counterpart  is  no  less  so ;  it  is  also  surprising  that 
so  much  has  been  done  under  such  extreme  administrative  and  finan- 
cial difficulties ;  in  fact,  there  is  every  reason  to  believe  that,  had  it 
not  been  for  the  energy  and  great  administrative  abilities  of  the 
former  Inspector  Qeneral  of  Irrigation,  General  Strachey,  all  irriga- 
tion works  in  India  would  probably  have  remained  at  a  standstill 
from  1869  till  now,  and  perhaps  longer. 

At  present^  the  older  canals  are  being  rectified,  and  new  works 
gradually  carried  out.  The  results  are  not  entirely  satisfactory  in  all 
cases,  nor  is  it  possible  that  they  should  be ;  they  are,  however,  on 
the  whole,  extensive  results,  showing  an  actual  and  a  progressive 
development  of  irrigation  not  existing  in  any  other  country,  which 
have  not  hitherto  been  collected  and  impartially  set  forth  in  a  form 
conveniently  for  reference.  In  the  present  edition,  some  modem 
additions,  relating  to  the  years  from  1870  to  1873,  have  been  made 
from  India  Office  records,  kindly  placed  at  the  disposal  of  the  author 
by  the  Under  Secretary  of  State  for  India.  Such  statistics  as  relate 
to  England,  France,  Italy,  and  Spain  have,  in  every  case,  the  source 
from  which  they  were  taken  mentioned  with  them. 

In  all  of  them,  whether  tabular  or  in  the  form  of  brief  accounts, 
the  object  has  always  been  expressly  to  avoid  introducing  anything' 
simply  because  it  might  be  of  interest,  and  to  limit  myself  to  simple 
&cts  and  achieved  results  that  may  be  useful  to  engineers  for  refer- 
ence. In  one  or  two  cases  rather  doubtfril  statistics  have  been  intro- 
duced, to  which  foot-notes  are  attached :  this,  however,  was  unavoid- 
able under  the  circumstances  of  the  case,  which  were  particularly 
difficult,  the  voluminous  records  of  India,  both  at  home  and  abroad, 
being  generally  destitute  of  anything  approaching  to  a  catalogue 
raisonnee,  although  filed  and  indexed,  according  to  certain  prin- 
ciples, with  extreme  care.  The  difficulties,  then,  had  to  be  overcome 
in  the  first  place  by  wading  through  an  immense  quantity  of  matter 
in  order  to  obtain  but  a  few  facts,  and  in  the  second  place  by  availing 
myself  of  the  kind  aid  of  several  officials,  which  materially  shortened 
that  labour :  to  these,  therefore,  and  more  especially  to  the  present 
Secretaiy  in  the  Geographical  Department  of  the  India  Office,  and  to 
Dr.  Macnamara,  of  Calcutta,  I  beg  to  offer  my  best' thanks. 

The  Indian  meteorological  statistics  here  given  were  also,  with  the 
exception  of  those  from  1871  to  1873,  collected  in  India  by  myself, 
being  supplied  by  the'  various   meteorological  xepoTiex^^  ^siii  «i^T* 
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wards  reduced  and  worked  into  the  present  form  as  most  saitable  for 
reference  ibr  engineering  purposes.  Th^  are  the  first  general  collec- 
tion yet  made,  and  include  rainfall  statistics  of  all  India,  and  other 
meteorological  statistics  of  use  to  the  engineer.  For  the  principal 
portion  of  them  I  am  indebted  to  Mr.  Blanford  of  Calcutta,  Mr. 
Chambers  of  Bombay,  and  Dr.  Murray  Thompson  of  the  Panjab: 
those  for  the  Madras  Presidency,  excepting  the  older  rainfall  data, 
are  unfortunately  less  complete.  The  remarks  on  the  meteorology 
of  India,  drawn  up  by  myself,  are  offered  as  a  general  account  and 
explanation  of  the  meteorological  conditions  of  India  as  far  as  they 
are  at  present  known. 

With  regard  to  the  alterations  effected  in  this  edition,  they 
principally  consist  of  replacing  two  or  three  of  the  former  working 
tables  by  new  ones,  and  adding  such  new  tables  as  the-  modem 
system  of  Kutter  absolutely  requires :  the  appendix  of  miscellaneous 
tables  and  data,  which  are  taken  from  various  works  and  other  sources, 
is  slightly  enlarged  ;  the  text  is  generally  re-written  or  re-arranged, 
some  additions  being  made  to  the  article  on  modules,  including  a 
description  of  a  new  module  of  the  author's.  The  hydraulic  statistics, 
as  well  as  the  Indian  meteorological  statistics,  have  been  increased 
by  all  such  matter  as  has  reference  to  data  available  only  since  the 
author's  departure  from  India  in  1872;  the  sole  matter  expunged 
being  the  description  of  the  author's  evaporameter. 

L.  D'A.  J. 

BoTAL  Institution,  Albemarle  Street, 
1st  March,  1875. 
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1.   HYDRODYNAMIC  THEORIES. 

The  science  of  hydraulics,  yet  in  its  infancy,  may  be 
said  to  depend,  as  far  as  its  practical  application  by  the 
hydraulic  engineer  is  concerned,  on  a  combination  of  certain 
known  laws  with  the  empirical  results  of  observation  and 
experiment ;  the  former  few  in  number,  and  eliminated 
principally  by  the  philosophers  and  mathematicians  of  the 
past ;  the  latter  also  few,  and,  if  we  except  the  old  observa- 
tions which  were  carried  out  on  a  very  petty  and  limited 
scale,  exceedingly  modem.  Previous  to  the  experiments 
of  d*Arcy  in  1856,  little  was  known  about  the  velocities 
and  discharges  through  pipes ;  until  the  operations  of 
Captains  Humphreys  and  Abbot  on  the  Mississippi  in  1858, 
the  dischai^  of  large  rivers  was  a  comparatively  unex- 


plored  subject;  in  1865  the  experiments  of  Bazin  led  the 
way  to  a  more  accurate  knowledge  of  the  discharges  and 
velocities  of  open  channels.  Before  this  time  the  less  im- 
portant subjects  alone  had  been  investigated  to  any  prac- 
tical purpose,  such  as  the  vena  contracta,  the  discharges 
through  small  orifices,  over  certain  forms  of  overfall,  and 
through  short  and  small  pipes,  the  discharges  from  reser- 
voirs, and  the  velocities  in  troughs  1 8  inches  wide.  There 
was,  however,  plenty  of  theory,  and  a  large  number  of 
formulae,  some  of  them  exceedingly  complicated  in  form, 
mostly  resulting  from  a  number  of  superimposed  theories, 
the  more  ancient  of  which  were  based  on  very  limited  ex- 
periments :  in  fact,  the  mode  often  adopted  seems  to  have 
been  to  assume  a  new  form  of  formula,  and  to  prove  it  by 
a  few  partial  experiments,  a  principle  worthy  of  ancient 
soothsayers,  and  which,  had  it  been  further  supported  by 
traditionary  and  name-reverencing  hydraulic  schools  of 
believers,  could  only  have  resulted  in  prolonged  and  per- 
manent error.  At  present  even,  a  reference  to  some  works 
comparatively  recently  published  in  England  will  show 
formulae  to  be  supported  by  a  most  heterogeneous  collec- 
tion of  experimental  data ;  discharges  of  pipes  irrespective 
of  their  material  or  internal  surface,  of  large  and  small  rivers 
irrespective  of  the  quality  of  their  beds  and  the  bends  in 
their  courses,  of  canals  in  any  material,  down  to  wooden 
troughs,  all  seem  to  prove  the  correctness  of  a  fixed  formula 
having  an  unvarying  constant  coefficient:  other  works 
again  having  greater  accuracy  of  result  in  view  go  to  the 
opposite  extreme  in  method,  and  recommend  the  adoption 
of  two  distinct  formulsB  for  cases  in  which  the  principle 
involved  does  not  even  seem  to  vary  in  the  least,  as  for 
instance,  in  discharges  through  pipes  with  low  velocities,  a 
formula  distinct  from  that  for  those  with  high  velocities  is 
ofben  adopted ;  this,  amounting  to  a  method  of  successive 


approximation  imperfectly  worked  out,  is  almost  as  unfor- 
tunate as  the  other.  From  a  continuance  of  this,  however, 
the  modem  experiments  have  already  saved  us  to  a  great 
extent,  and  further  and  more  extended  experiment  will 
probably  relieve  us  from  it  altogether. 

At  present,  therefore,  the  hydraulic  engineer  is  more 
dependent  for  correctness  of  calculated  result  on  the  so« 
called  empirical  data  obtained  by  experiment,  and  put  into 
convenient  form,  than  on  any  purely  mathematical  theories 
or  laws.  The  correct  application  of  all  known  mechanical 
laws  cannot,  however,  fail  to  be  valuable  in  cases  admit- 
ting of  them ;  those  relating  purely  to  hydrodynamics  are 
comparatively  few,  and  the  most  important  and  best  known 
of  them  are  the  three  following : — 

FirsL  K  fluid  run  through  any  tube  of  variable  section 
kept  constantly  full,  the  velocities  at  the  different  sections 
will  be  inversely  as  the  areas,  or 

AV  =  A' v. 
This  theory  of  uniformity  of  motion  is  in  practice  sup» 
posed  to  hold  good  with  reference  to  mean  velocities  of 
discharge ;  which  is  actually  little  more  than  assuming  a 
theoretical  velocity  that  will  fulfil  the  conditions  of  the 
law,  in  order  to  render  calculation  convenient.  There  is 
no  reason  to  believe  that  actual  velocities  in  a  tube  of 
variable  section  would  all  vary  inversely  with  the  area  of 
cross  section ;  hence  this  theory  is  not  one  that  throws 
any  light  on  the  laws  of  absolute  velocity. 

Second.  The  velocity  of  a  fluid  issuing  from  an  orifice 
in  the  bottom  of  a  vessel  kept  constantly  full,  is  equal  to 
that  which  a  heavy  body  would  acquire  in  falling  through 
a  space  equal  to  the  depth  of  the  orifice  below  the  surface 
of  the  fluid,  which  is  called  the  head  on  the  orifice ;  or  by 
way  of  formula 

V  =  (2y  H)* 


g  =  32-1695  (1  +  '002  84  cos  2/)  (l  -  — ). 
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where  H  =  the  head,  and  g  =  force  of  gravity.  The 
quantity  g  represents  the  accelerating  force  of  gravity, 
which  varies  at  different  places  on  the  earth's  surface  and 
elevations  above  the  mean  sea  level,  and  is  also  affected  by 
the  spherical  eccentricity  of  the  earth  at  the  place,  a  quan- 
tity that  again  varies  with  the  latitude ;  above  the  earth's 
surface  g  varies  inversely  with  the  square  of  the  distance 
from  the  earth's  centre,  below  the  earth's  surface  direct 
with  the  distance  from  the  earth  *s  centre  ;  to  obtain  the 
exact  value  of  y,  d'Aubuisson's  formulae  applied  to  English 
feet  are — 

r  =  20  887  540  (1  +   001  64  cos  2  /) 

r 

The  values  of  this  formula  for  different  latitudes  and  eleva- 
tions are  given  in  Working  Table  No.  I.,  and  the  values 
of  g,  obtained  from  observation  at  different  latitudes,  are 
given  in  Table  No.  I.  of  the  Hydraulic  Statistics.  For 
purposes  of,  ordinary  calculation  in  England,  and  hence 
throughout  these  tables,  g  is  generally  taken  as  32'2  feet 
per  second ;  in  India,  however,  it  would  be  more  correct 
to  use  82*1 ;  but  the  convenience  of  using  English  data 
will  probably  outweigh  that  of  this  exactness  until  the 
science  of  hydraulics  can  produce  far  more  accurate  results 
than  now. 

The  above  theory  supposes  that  the  orifice  is  indefinitely 
small,  neglects  the  conditions  and  size  of  its  sectional  axea, 
friction,  the  pressure  of  the  atmosphere,  and  the  resistance  of 
the  air  to  motion,  which  increases  with  the  square  of  the 
velocity  of  the  issuing  fluid  ;  the  practical  application  that 
shows  its  discrepancies  most  strongly  is  the  fact  that  the 
height  of  a  jet  is  never  equal  to  the  head  of  pressure  on  it. 

Third,  The  theory  of  flow,  which  is  a  combination  of 
the  two  previous  theories  in  a  modified  form,  assuming 


both  uniform  motion  and  the  principle  of  gravitation,  and 
is  best  expressed  in  the  form  of  a  formula — 

where  V  =  the  mean  velocity  generated. 

E  =  mean  hydraulic  radius  of  the  water  section. 

S   =  the  sine  of  the  slope  of  the  water  surface. 
This  formula  is  a  simple  equation  of  the  accelerating  force 
of  gravity  down  an  incline  with  the  retarding  force  of 
friction  at  any  section  at  right  angles  to  the  course  of 
flow,  namely : — 

since,  for  uniform  motion,  the  total  accelerating  force  is 
equal  to  the  total  resistance. 

This  theory  is  the  basis  of  calculation  of  flow  in  full 
tubes,  and  in  open  channels  and  unfilled  pipes,  where 
the  principle  still  holds,  though  the  equation  should 
be  strictly  modified,  the  air  above  giving  a  resistance  as 
well  as  the  surface  of  the  channel  or  tube  below^  though 
in  a  less  degree. 

However  rigid  these  theories  may  appear  in  neglecting 
important  points,  they  are  yet  generally  true  in  the  abstract, 
and  no  substitutes  for  them  have  yet  been  discovered  ;  the 
consequence  is  that  all  hydraulic  calculations  are  made  to 
depend  on  them,  their  defects  being  made  up  by  applying 
to  them  experimental  coefl&cients,  in  preference  to  endea- 
vouring to  obtain  theoretical  accuracy  by  introducing  into 
them  niceties  of  theory  that  might  fail  in  obtaining  trust- 
worthy results.  It  becomes,  therefore,  one  of  the  impor- 
tant duties  of  a  hydraulic  engineer  to  apply  these  partly 
empirical  formulae  with  care  and  circumspection,  especially 
guarding  against  tiaking  for  granted  the  formula)  and 
tabular  results  of  different  calculators,  which  vary  in  form 
and  in  result  to  a  very  great  extent ;  some  authors  even 
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giving  one-third  more  discharge  than  others  as  due  to  the 
same  data.  During  practical  work,  again,  time  forbids  a 
lengthy  examination  of  principles ;  for  this  reason,  there- 
fore, this  short  chapter  is  given  as  an  easy  guide  to  the 
proper  management  and  application  to  every-day  wants 
of  the  working  tables  attached,  which  are  based  on  the 
most  improved  modern  principles. 


2.   NOTATION  AND  SYMBOLS. 

To  ensure  clearness  and  rapidity  of  application  of  these 
theories,  it  is  absolutely  necessary  that  the  nomenclature 
should  be  neither  doubtful  nor  inconvenient,  that  the 
symbols  be  free  from  confusion,  and  the  units  of  time, 
weight,  and  measurement,  once  adopted,  generally  adhered 
to  as  much  as  possible ;  this  alone  can  cause  the  form  of 
a  formula  to  give  at  a  glance  any  definite  idea  of  the 
values  of  its  terms  and  expressions. 

The  English  foot  has  been  generally  adopted  in  this 
work  as  the  unit  of  length,  surface,  and  capacity,  being 
the  measure  ordinarily  used  for .  heights  and  depths,  as 
well  as  distances  in  survey  work,  and  being  now  more 
capable  of  extended  application  than  either  the  yard,  link, 
or  inch ;  the  second  has  been  generally  taken  as  the  unit 
of  time^  so  that  the  numbers  expressing  discharges  and 
velocities,  which  often  are  high  numbers,  may  be  as  small 
as  possible.  This  has  been  found  to  be  perfectly  manage- 
able in  practice.  In  the  canal  departments  of  Northern 
India  the  engineers  have  succeeded  in  abolishing  chains, 
yards,  and  inches  from  their  plans,  estimates,  and  calcula- 
tions, and  in  adhering  generally  to  the  second  as  a  unit  of 
time ;  they  have  also,  on  the  Bari  Doab  Canal,  adopted  a 
mile  of  5000  feet  to  the  exclusion  of  the  statute  mile  of 
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6280.  This  decimal  system  of  measures,  while  retaining 
the  use  of  a  familiar  unit,  is  found  to  save  much  needless 
labour  in  calculation,  and  at  the  same  time  has  the  great 
advantage  of  facilitating  the  conversion  of  foreign  data 
and  formuke  ;  the  principal  difficulties  to  contend  with  are 
the  old  habits  of  measuring  water  supply  for  towns  in 
gallons  instead  of  cubic  feet,  and  of  using  dimensions  of 
pipes  in  inches,  instead  of  tenths  of  a  foot ;  these  obstacles 
will  probably  gradually  disappear. 

As  regards  the  metrical  system,  although  it  is  now 
adopted  in  all  the  civilized  countries  in  Europe  except  our 
own,  there  seems  little  hope  of  its  replacing  our  own 
measures  to  the  entire  exclusion  of  them  for  some  time 
yet ;  hence  it  would  not  have  been  an  advantage  to  have 
constructed  the  accompanying  working  tables  on  the 
metrical  system,  nor  to  have  adopted  it  throughout  this 
work  in  the  data  and  formulae ;  but  as  English  engineers 
are  now  conversant  with  metrical  measures,  all  such  foreign 
formulae  and  data  mentioned  are  generally  left  in  their 
original  forni,  their  conversion  not  serving  any  important 
purpose,  but  rather,  on  the  contrary,  causing  complication 
needlessly. 

Whether  the  decimal  metrical  system  will  hold  its  own 
for  a  very  long  time  is  yet  a  matter  of  considerable  doubt : 
the  number  ten  is  not  by  any  means  in  itself  a  convenient 
number  for  purposes  of  calculation,  it  is  neither  composed 
of  a  large  number  of  factors,  and  hence  admitting  of  easy 
subdivision,  nor  are  its  roots  easily  obtained ;  its  use  in- 
volves the  necessity  of  referring  to  tables  of  logarithms  in 
the  greater  part  of  the  calculations  made  by  engineers 
and  scientific  men ;  its  sole  advantage  is  a  perfectly  for- 
tuitous one ;  it  was  chosen  in  ancient  times  as  the  first 
number  to  be  represented  by  two  digits,  and  the  digital 
advantage  it  now  possesses  is  perhaps  its  only  one. 


10 

Should  in  the  future  any  new  notation  come  in  vogue, 
which  would  readily  enable  the  calculator  to  dispense  with 
half  of  his  logarithmic  calculations,  the  advocates  of  the 
decimal  system  will  then  be  looked  upon  as  antiquated 
obstructors  of  progress. 

For  the  present,  however,  the  adoption  of  a  decimal 
system  seems  absolutely  inevitable,  although  it  seems 
doubtful  whether  the  English  will  first  adopt  one  based 
on  units  familiar  to  them,  or  will  change  at  once  to  the 
metrical  system  in  its  entirety. 

The  hydraulic  engineer  can,  however,  very  conveniently 
adopt  a  decimal  system  based  on  the  English  foot  for 
measures ;  nor  apparently  are  there  any  very  good  reasons 
why  the  railway  engineer  should  not  do  so  also,  except 
perhaps  the  tradition-loving  habits  of  the  multitude,  and 
the  meddlesome  legislation  in  social  matters  under  which 
we  suffer,  which  enforces  on  him  the  adoption  in  Parlia- 
mentary plans  of  the  whole  of  the  old  measures. 

The  advantage  of  adhering  to  one  set  of  symbols  in 
hydraulic  formulae,  which  sometimes  appears  very  compli- 
cated, is  sufl&ciently  evident ;  with  this  view,  therefore, 
the  following  general  notation  is  drawn  up,  and  the  velo- 
city notation  of  the  Mississippi  survey  also  attached  for 
purposes  of  reference. 

General  Notation. 

N  =  catchment  area  drained. 

Q   =  discharge ;  q  =  discharge  per  square  mile  drained. 

V  =  mean  velocity  of  discharge,  Vj,  &c.,  other  velocities. 

V^=  maximum  velocity  in  the  cross  section. 

A  =  sectional  area ;  a,  ^j,  a^^  subsidiary  areas. 

P   z=  wetted  sectional  perimeter. 

H  =  mean  head  or  fall ;  //,  //p  h^y  subsidiary  heads. 
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B  =  mean  hydraulic  radius  =  p 

A 

R,  =  prime  hydraulic  radius  =  p      ^ 

S    =  hydraulic  slope  in  terms  of  its  sine  =  -r-; 

thus  S  =  -L  =  -002  for  a  slope  of  1  in  500. 

L  =  a  longitudinal  length  taken  in  the  direction  of  flow ; 

/,  /p  /,,  subsidiary  lengths. 
W  =z  total  transverse  width,  across  the  direction  of  flow ; 

w,  w^,  fjo^,  subsidiary  transverse  widths. 
D  =  depth  from  surface  level ;  d^  d^,  d^,  subsidiary  depths. 
T   =  total  time  of  discharge;  t^  /p  /,,  subsidiary  times. 
/  =  experimental  coeflScient  of  fluid  friction. 
n   =  experimental  coefl&cient  for  drainage  discharges. 
c   =  experimental  coefficient  for  channel  discharges. 
m  zz  experimental  coefficient  for  orifice  and  overfall  dis- 
charges, 
y  z=  velocity  acquired  by  gravity  in  one  second  =  32*2 
feet  approximately. 
All  dimensions  are  generally  in  feet  and  decimals,  and 
velocities  and  discharges  are  in  feet  and  cubic  feet  per 
second. 


Velocity  Notation  of  the  Mimssippi  Survey. 

m 

V  =  mean  velocity  of  the  river. 

V  =  velocity   at  any   point   in   any   vertical  plane 

parallel  to  the  current. 

V  =  velocity  at  a  point  20  feet  below  the  surface  at 
^'^^  a  perpendicular  distance  of  100  feet  from  the 

base  line. . 
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XJ     =  velocity  at  any  point  in  the  mean  of  all  vertical 

planes  parallel  to  the  current. 
\]pi  =  grand  mean  of  the  mean  velocities  in  all  vertical 

planes  parallel  to  the  current. 
U^    =  the  mean  of  the  bottom  velocities  in  all  such 

planes. 
1^  V     =  velocity  at  any  depth  below  the  surface  at  a  per- 
pendicular distance  w^  from  the  base  line. 
Y^    =  velocity   at   the  surface   in  any   vertical  plane 

parallel  to  the  current. 
V,  and  V|>  =  velocities  at  mid-depth  and  at  the  bottom 

in  any  such  plane. 
V^  and  Yp^  =  the  maximum  and  the  mean  velocities 

in  any  such  plane. 


6    =  sectional  constant  = 


(R  +  1-5)*. 
/     =  length  of  a  portion  of  river. 
A    =  difference  of  level  of  the  water  surface  at  the  two 

ends  of  /. 
A^  =  the  part  of  A  consumed  in  overcoming  longitudinal 

channel    resistances^    for    a   straight^    regular 

course. 
A^^  =  the  part  of  A  consumed  in  overcoming  transverse 

channel  resistances  or  irregularities. 
W  =  river  width  at  any  given  place. 
10    zn  perpendicular  distance  from  the  base  line  to  any 

point  of  the  water  surface. 
w^  =  perpendicular  distance  from  the  base  line  to  the 

surface  fillet  moving  with  the  maximum  velocity. 
D  =  total  depth  of  river  at  any  given  point  of  surface. 
d    =  depth  of  any  given  point  below  the  surface. 
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«(  =  depth  from  the  surface  of  the  fillet  moving  with 
the  maximum  velocity  in  the  assumed  vertical 
plane  parallel  to  the  current. 

m  =  depth  from  the  surface  of  the  fillet  moving  with 
a  velocity  equal  to  the  mean  of  the  velocities 
of  all  fillets  in  the  assumed  vertical  plane 
parallel  to  the  current. 

A    =  maximum  or  mid-channel  depth. 


3.  RAINFALL,  SUPPLY,  AND  FLOOD-DISOHARGE. 

All  hydraulic  works  of  irrigation,  drainage,  storage, 
water  supply,  river  improvement,  and  land  reclamation, 
are  more  or  less  affected  by  the  amoimt  and  periodicity 
of  the  rainfall;  for  many  of  them  careful  and  trust- 
worthy rainfall  statistics  and  data  are  absolutely  essential ; 
but  the  nature  and  amount  of  detail  required  vary  with 
the  nature  of  the  work ;  works  of  storage  being  those 
that,  perhaps,  require  the  greatest  amount  of  accurate 
information.  In  order  that  these  local  records  should  be 
sufficient  to  form  a  correct  basis  for  the  engineering  data 
of  these  latter  works,  they  should  comprise  observations 
extending  over  a  period  of  ten  years,  or  of  the  local  period 
comprehending  a  cycle  of  rainfall  from  one  season  of 
maximum  rainfall  to  another,  including  years  of  extreme 
drought;  from  these  the  following  results  can  be  de- 
duced : — 

1.  The  mean,  maximum,  and  minimum  monthly  rain- 
fall, from  which  the  mean  and  extreme  falls  for  each 
natural  local  season,  wet,  cold,  and  hot,  can  be  obtained. 

2.  The  mean  and  maximum  daily  falls,  in  twenty-four 
hours  for  each  month. 
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3.  Special  occurrences,  hourly  falls,  longest  continuous 
falls  and  droughts. 

These,  arranged  in  a  convenient  tabular  form,  are  all 
the  rainfall  data  that  the  engineer  will  generally  require. 

In  most  cases,  also,  and  especially  in  hot  climates, 
evaporation  records  are  also  necessary;  and  sometimes, 
too,  it  is  advisable  to  possess  other  meteorological  data, 
such  as  those  of  humidity,  temperature,  atmospheric 
pressure,  and  wind ;  and,  what  is  often  difficult  tp  pro- 
cure, some  data  of  absorption  and  percolation  that  would 
be  applicable  to  the  soils  of  the  district  under  con- 
sideration. 

On  many  of  the  works  before  mentioned,  the  first  duty 
of  the  engineer  is  to  account  for  the  whole  of  the  doMrn- 
fall,  or  to  discover  what  becomes  of  it  all,  under  both 
ordinary  and  unusual  circumstances,  so  that  he  may  be 
able  to  deal  with  more  certainty  of  knowledge  with  that 
portion  of  it  that  more  intimately  affects  his  works ;  as, 
for  instance,  the  bridge-builder  with  the  floods,  the 
engineer  of  storage  works  with  the  drought,  and  those  of 
canals  and  river  improvement  with  both.  A  geographical 
and  geological  knowledge  of  the  catchment  area,  whose 
rainfall  affects  the  works,  is  hence  also  needful ;  the 
boundaries  of  this  area,  its  lines  of  watershed  and 
drainage,  its  disposition  as  regards  prevailing  winds,  the 
nature  and  porosity  of  its  soil,  and  the  amount  of  vegeta- 
tion or  cultivation  on  it,  as  well  as  any  available  records 
from  which  the  quantities  of  wJiter  actually  run  off  by  its 
streams  and  rivers  in  various  seasons  may  be  arrived  at, 
are  all  data  necessary  for  establishing  satisfactorily  a 
perfect  knowledge  of  the  disposal  of  the  whole  of  the 
rainfall  under  any  circumstances. 

In  many  instances  it  is,  from  want  of  sufficient  informa- 
tion, utterly  impossible  to  obtain  this  perfect  knowledge ; 
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in  others,  the  deficient  data  may  be  supplied  by  approxi- 
mations known  to  hold  good  in  other  similar  cases,  and  a 
tolerably  correct  approximate  balance  struck  between  the 
downfall  and  the  amount  evaporated,  absorbed,  and  run  off; 
in  any  case,  however,  the  engineer  may,  with  time  and 
means  at  his  disposal,  gauge  the  streams  and  rivers  affect- 
ing his  works,  and  make  correct  records  of  the  amount 
of  water  run  off  in  them  at  different  seasons  of  the  year, 
and  in  exceptional  floods.  Failing,  however,  both  time  and 
opportunity,  such  data  have  to  be  observed  in  a  rapid 
manner  that  will  enable  him  to  determine  this  approxi- 
mately ;  such  as  the  section  and  fall  of  the  rivers,  the 
depths  at  various  stages,  floodmarks,  and,  if  possible,  a 
few  velocity  observations.  The  results  principally  required 
are  the  flood  or  maximum  discharge,  in  cubic  feet  per 
second,  of  the  river  or  stream  draining  the  catchment  area ; 
its  mean  discharge  throughout  the  year ;  and  its  minimum 
discharge  in  seasons  of  extreme  drought,  as  well  as  in  its 
ordinary  low  stage  ;  dividing  each  of  these  by  the  number 
of  square  miles  of  Catchment,  similar  results  per  square 
mile  are  obtained,  which,  when  multiplied  by  1*131,  ex- 
press the  depth  in  feet  of  rainfall  run  off  under  each  of 
those  conditions.  The  relation  between  these  quantities 
and  the  probable  or  approximate  downpour  over  the  catch- 
ment area  can  then  be  (fompared  with  those  known  to  exist 
in  other  similar  cases,  and  a  valuable  check  on  these  im- 
portant results  thus  obtained. 

Flood  Discharge. — The  determination  of  the  quantity  of 
water  discharged  from  a  catchment  area  .in  a  river  or 
stream  at  a  time  of  extreme  flood,  is  a  matter  that  is  very 
oflen  of  the  highest  importance.  Costly  bridges  have 
continually  been  sacrificed,  and  long  lengths  of  canal 
damaged  for  want  of  sufficient  attention  having  been  paid 
to  this  subject. 
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When  the  data  mentioned  in  the  foregoing  paragraphs 
can  be  obtained,  and  are  properly  handled,  there  is  little 
difficulty  in  arriving  at  a  correct  result ;  but,  as  in  many 
cases,  only  some  of  these  are  forthcoming,  the  bases  of 
calculation  are  considerably  narrowed,  and  various  modes 
of  obtaining  a  result  necessarily  varying  with  the  avail- 
able, have  to  be  adopted. 

When  the  catchment  area  has  to  be  scaled  from  a  map, 
and  the  highest  maximum  rainfall  of  24  hours  has  to  be 
taken  from  observations  made  at  perhaps  only  one  or  two 
places  near  that  area,  the  flood  discharge  may  be  approxi- 
mately obtained  by  the  equation, 

Q  =  «  X  27  v/NT 

where  Q  =  flood  discharge  in  cubic  feet  per  second. 
N  =  catchment  area  in  square  miles. 
»  =:  a  local  coefficient  chosen  with  reference  to  the 
maximum  day's  rainfall  of  the  place. 
In  using  this  as  well  as  other  formulae  of  a  similar  type, 
records  of  flood  discharges  under  somewhat  similar  condi- 
tion are  necessary  for  reference,  in  order  that  a  practically 
correct  value  of  n  the  coefficient  may  be  assumed.     This 
formula,  which  was  originally  adopted  in  connection  with 
the  inconvenient  mode  of  estimating  discharges  in  cubic 
yards  per  second  or  per  hour,  has  very  little  to  recommend 
it,  the  values  of  n  being  necessarily  very  wide  in  range ; 
it  still,  however,  has  its  adherents. 

A  more  convenient  one,  having  a  narrower  and  more 
correct  range  of  coefficients,  is  the  following,  which  is  a 
slight  modification  of  that  of  Colonel  Dickens,  having  a 
more  extended  application.     It  is 

Q   =z  n    X    100  fN)t, 
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and  its  terms  are  generally  similar  to  those  of  the  last 
formula.     The  values  of  n  for  India,  generally  lie  between 
1  and  24  :  see  coefficients  at  Table  XII.,  Part  2,  page  Ixx. 
of  the  Working  Tables ; — some  further  values  of  it  appli- 
cable to  various  river  basins  in  India,  are  also  given  in  the 
tables  of  flood  discharges  at  page  [8]  of  the  Hydraulic 
Statistics  in  the  second  part  of  this  Manual.     The  values 
of  the   general   expression,   for  a  value   of  n  zz  1,  are 
given  for  catchment  areas  of  various  sizes  at  pages  ix. 
and  X.  of  the  Working  Tables,  Table  IV.,  Part  1,  and 
the  chosen  coefficient  can  be   readily  applied  to  these 
quantities. 

The  original  form  of  this  formula  was  simply  Q  =  825 
(N)* ;  it  was  considered  applicable  only  to  Bengal  and  Bahar 
in  the  first  instance,  ,and  afterwards  as  applicable  to  all  areas 
in  the  plains  of  India  that  have  an  annual  rainfall  of  from 
24  to  50  inches.  It  seems,  however,  more  rational  to  use 
a  variable  coefficient  depending  on  a  similarity  of  general 
conditions,  of  which  the  maximum  day's  downpour  is 
perhaps  the  most  important.  In  Northern  India  where 
this  latter  is  about  1*5  feet  in  or  near  hills,  and  I'O  foot 
in  the  plains,  the  flood  waterway  allowed  for  bridges  has 
generally  been  based  on  the  assumption  that  the  rain- 
fall run  off  would  amount  to  1*0  foot  in  depth  over  the 
whole ;  and  allowance  has  been  made  with  these  data  for 
the  flood  waterway  of  the  streams  and  rivers  crossing 
both  the  Ghinges  Canal  and  the  Sarhind  Canal ;  in  other 
cases,  also,  in  Northern  India,  two-thirds  of  the  depth  of 
downpour  is  assumed  to  pass  off  in  flood.  It  is,  however, 
better  to  use  the  improved  formula  given  and  assume 
a  coefficient  suitable  to  similar  conditions  of  catchment 
area. 

A  further  attempt  at  arriving  at  a  flood  discharge  by 
means  of  a  formula  has  been  made  by  Mr.  Burge,  Besi« 
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dent  Engineer  of  the  Madras  Bailway.  His  formula 
given  in  the  Indian  Professional  Papers  is 

Q=1300N 

where  Q  and  N  are  as  before,  L  =.the  length  of  the  main 
river  in  miles,  and  1800  is  a  coefficient  applicable  to  a 
maximum  downfall  of  6  inches  in  12  hoars,  and  an  area 
elevated  from  500  to  1300  feet  above  mean  sea  level,  con- 
sisting principally  of  unstratified  rocks.  It  was  deduced 
from  observations  on  27  bridges,  of  above  80  feet  span,  on 
the  Madras  Railway,  and  its  results  correspond  closely 
with  those  of  recorded  flood  sections ;  the  errors  lying 
between  464  feet  too  high  and  3*40  too  low  in  height  of 
section.  He  argues  most  justly  that  the  length  of  the 
river  necessarily  extends  the  time  of  the  discharge,  and 
hence  diminishes  the  quantity  passing  off  within  a  certain 
time  ;  and  that  also  the  functions  of  discharge,  the  hydrau- 
lic slope,  the  cross  section,  and  the  head  affected  by  the 
sinuosities  in  greater  length,  are  reduced  by  it.  Admitting 
this,  the  same  principle  would  apply  not  only  to  the  main 
river,  but  also  to  its  tributaries ;  the  number  and  condi- 
tions of  the  tributaries  would  probably  be  a  moye  important 
consideration.  Again,  there  is  much  difficulty  in  saying 
where  a  main  river  begins  ;  so  much  so,  that  in  the  first 
place  the  introduction  of  an  index  of  f  against  a  coefficient 
of  1300  would  appear  to  be  a  needless  attempt  at  exacti- 
tude; and  in  the  second  place  the  introduction  of  the 
length  of  the  river  at  all  in  an  equation  of  this  sort  is  a 
matter  incapable  of  very  extended  application ;  although 
in  the  instances  from  which  this  formula  was  laid  down  it 
}ias  been  very  successfully  introduced. 

A  better  mode  of  introducing  a  function  somewhat 
similar  to  this  would  be-  to  apply  in  the  equation  the 
ratio  of  extreme  breadth  to  extreme  length  of  catchment 
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area  ;  we  have  already  a  formula,  the  range  of  whose 
coefficients  for  India  seem  to  be  between  1  and  24 — an 
important  step  abready  gained ;  and  if  this  is  modified  into 
the  forrn^ 

Q  =  »,?100(N)J, 

where  B  =  extreme  breadth  of  catchment  area, 
and    L  =  extreme  length  of  catchment  area, 
and    j»^  =  a  new  coefficient, 
we  obtain  a  more  tangible  improvement,  capable  of  extended 
application.     It  is  unfortunate,   however,  that   for   this 
formula  a  sufficient  number  of  values  of  the  new  co- 
efficient are  not  yet  forthcoming ;  although  in  the  instances 
in   which   it  has   been  applied  the   improvement   seems 
clearly  manifested  in  reducing  the  range,  so  that  for  the 
present  it  is,  perhaps,  generally  better  to  use  that  from 
which  it  is  modified,  while  in  special  cases  the  ratio  can 
be  easily  introduced. 

Failing,  however,  such  data  as  would  be  needful  to 
enable  one  to  choose  a  practically  correct  coefficient  for 
formnlse  of  this  type,  it  becomes  necessary  to  fall  back 
entirely  on  recorded  flood  marks,  as  a  means  of  approxi- 
mating to  the  flood  discharge ;  and  after  gauging  the 
dischai^e  of  the  river  in  its  ordinary  stage,  assume  the 
flood  discharge  to  be  proportional  to  it  according  to  the 
ordinary  formula, 

Q       A  y/B 

q  '^    a  -y/r 

where  A  is  the  sectional  area  up  to  flood  mark,  K  its 
hydraulic  mean  radius,  and  a  and  r  are  similar  quantities 
corresponding  to  the  discharge  {q)  determined  by  obser* 
vation. 
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4.  STORAGE. 

RcseiToirs  generally  have  for  their  object  either  the  de- 
tention of  flood  water  that  might  otherwise  cause  damage, 
as  in  works  of  river  improvement,  or  the  utilization  of  it 
in  canals,  of  navigation,  irrigation,  or  driving  machinery, 
or  for  town  supply.  For  the  first  purpose  they  must,  to 
effect  their  purpose,  be  very  extensive,  and  strongly  aided 
by  the  natural  formation  of  the  country ;  for  the  last  pur- 
pose they  are,  in  one  respect,  excepting  under  very 
favourable  conditions,  particularly  ill-fitted.  The  collection 
of  drinking-water  from  the  surface  of  land  needs,  in  the 
first  place,  a  clean,  uncultivated  and  uninhabited  tract  of 
land  as  a  catchment  area;  and  in  the  second  place,  the 
water  stored  in  the  reservoir,  which  is  liable  to  become 
putrescent,  or  seriously  aflTected  by  the  organisms,  plants, 
and  animalculsB  that  inhabit  stagnant  water,  requires  a 
very  perfect  and  careful  filtration,  of  a  sort  beyond  the 
ordinary  economic  powers  of  municipalities  or  public  com- 
p^nies.  Indeed  it  is  now  asserted  to  be  an  uncontro* 
vertible  fact,  that  it  is  to  the  tainted  water  of  rivers  and 
reservoirs  that  one-half  of  most  preventible  diseases  are 
due,  the  other  half  being  caused  by  want  of  ventilation, 
faulty  drainage,  and  mistaken  modes  of  managing  sewage, 
or,  in  other  words,  that  impure  air  and  tainted  water  are 
the  chief  enemies  of  human  life ;  and  there  is,  therefore, 
every  reason  to  believe  that  in  the  future,  when  the 
general  public  become  awake  to  this,  and  acquire  enough 
energy  to  throw  of  the  incubus  of  vested  interests  in  the 
form  of  water  companies,  both  tainted  rivers  and  open 
reservoirs  will  be  universally  condemned  as  sources  of 
drinking-water  supply,  and  the  water  filtered,  stored,  and 
preserved  against  impurity  by  nature  in  the  permeable 
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strata  of  the  earth,  will  be  drawn  on  in  a  more  scientific 
and  enlightened  way  than  is  at  present  usual,  and  be 
considered,  as  it  justly  is,  a  necessary  of  life.  Another 
quarter  of  a  century  may  show  us  scientific  men  object- 
ing, on  sanitary  grounds,  to  the  watering  of  our  streets 
with  such  water  as  is  now  used  in  our  food.  It  will 
therefore  be  only  under  very  favourable  conditions,  or 
under  circumstances  that  admit  of  no  better  alternative, 
that  the  water*  of  storage  reservoirs  will  be  used  to 
drink.  Tor  extinguishing  fires,  watering  streets,  and 
many  other  purposes,  such  water,  is,  however,  still  valu- 
able under  ordinary  circumstances. 

The  determination  of  the  size  and  dimensions  of  a 
storage  reservoir  is  a  matter  entirely  governed  by  local 
circumstances  and  requirements.  The  assumptions  that 
the  area  covered  by  it  should  bear  a  certain  proportion  to 
that  of  the  catchment  area,  or  that  the  amount  of  water 
stored  should  be  as  nearly  as  possible  one-third  of  the 
available  supply,  are  not  by  any  means  rales  to  be  applied 
without  a  very  large  discretionary  power,  although  there 
are  rules  laid  down  in  various  forms  by  different  hydraulic 
engineers  that  very  much  resemble  these.  The  object 
being  the  collection  and  retention  of  a  certain  amount  of 
water  for  a  definite  purpose,  and  the  circumstances  being 
the  local  formation  of  the  ground  and  the  amount  of 
downpour  on  the  catchment  area,  all  the  economic  con^ 
siderations  depend  on  these  points. 

The  intention  may  either  be  to  store  as  much  water  as 
possible  within  a  certain  amount  of  expenditure  of  cost, 
or  only  a  definite  amount  sufficient  for  a  certain  purpose, 
or  to  store  all  that  can  possibly  be  obtained  with  a  know- 
ledge that  the  extreme  amount  would  not  be  enough. 
Again,  in  one  case,  the  quality  of  the  water  and  the  con- 
venience of  proximity,  or  of  cleanliness  of  site,  may  be 
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considerations  outweighing  all  others.  If,  therefore,  the 
latter  is  the  case,  there  are  generally  not  many  local  con- 
ditions answering  the  purpose  \vithin  which  any  choice  can 
be  made ;  and  again,  if  a  definite  amount  be  required,  the 
same  may  be  generally  said.  It  is  only  therefore  in  the 
case  when  the  object  is  to  store  and  utilise  as  much  water 
as  possible  that  much  choice  is  left  to  the  engineer. 

Large  artificial  reservoirs  being  generally  made  on  the 
natural  surface  of  the  ground,  and  bounded  in  one  direc- 
tion only  by  an  embankment  of  earth,  or  a  dam  of 
masonry  or  brickwork,  the  first  object  is  to  choose  a 
site  or  sites  where  the  greatest  amount  of  water  can  be 
stored  with  the  shortest  and  least  amount  and  length  of 
embankment ;  for  this  purpose  a  river  gorge,  narrow  and 
precipitous,  terminating  a  great  length  of  country,  having 
a  gradual  fall  towards  it,  offers  the  best  ordinarily  natural 
conditions  ;  if,  in  addition,  the  lateral  or  transverse  slope 
of  the  country  is  also  very  gradual,  it  becomes  a  large 
natural  basin,  with  one  narrow  outlet ;  and  if  that  admits 
of  being  easily  dammed,  an  extraordinary  advantage  not 
often  available  presents  itself. 

The  economy  of  constructing  one  large  reservoir  in 
preference  to  two  or  more  small  ones  to  hold  the  same 
amount  would,  perhaps,  be  evident  at  first  sight  to  most 
people.  The  author  has,  however,  met  so  large  a  number 
of  persons  that  believe  the  contrary,  that  he  is  constrained 
to  give  the  following  mathematical  proof  of  it  by  Graeff. 

Let  a  single  reservoir,  or  rather  its  contents  when  full, 
be  supposed  to  consist  of  a  number  of  laminae,  or  layers  of 
water,  the  sum  of  which  will  equal  the  total  content,  and  let 

K  =  the  height  of  any  one  layer ; 

P  and  S  =  the  perimeter  and  surface  of  its  lower  side ; 

P'  and  S'  =  the  perimeter  and  surface  of  its  upper  side ; 
then  the  volume  of  this  layer  will  be 
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=  a  K  +    -   -  +  -^—-  ;  where  «  =  S ; 

3.2P_(S>^).         (S--.)(F-P) 
"K(F+P)''"      K«(F+P)     ' 

Hence  the  ahove  expression  becomes 

=  3-^p^rp){3sFTT  +  Fs':r^  +  2Ps':rs} 

=  3  ^p?^  p^  (p.  2S^+T  +  F2S  +S'). 

In  the  case  where  the  lateral  and  longitudinal  slopes  of 
the  ground  are  uniform,  we  can  imagine  the  reservoir  to 
consist  of  one  only  of  these  layers ;  and  its  content  will 
then  represent  that  of  the  whole  reservoir.  In  this  case 
the  height  of  the  layer  will  be  the  extreme  depth  of 
water,  stored,  and  the  quantities  S  and  P  will  become 
indefinitely  small  in  comparison  with  ^  S'  and  F,  and  may 
hence  be   neglected :    hence   the  total   volume  of  water 

stored  =  -^  ,  and  this  is  the  volume  of  a  reversed  cone 

having  S'  for  its  base ;  a  demonstration  that  proves  how 
rapidly  the  amount  of  storage  increases  with  the  depth 
of  water,  or  with  the  height  of  the  embankment. 

To  the  height  of  dams,  again,  there  is  a  practical  limit : 
earthen  dams  of  great  height  require  an  enormous  section, 
being  consequently  very  costly  as  well  as  dangerous, 
and  are  in  themselves  difficult  to  manage  as  regards 
escape ;  masonry  dams  have  a  limit  to  their  height,  due 
to  the  pressure  per  unit  of  surface  on  the  foundation ; 
the  highest  yet  built  does  not  exceed  164  feet,  and  it  is 
very  improbable  that  that  height  will  be  exceeded  for 
some  time  to  come,  unless  iron  is  made  to  enter  largely 
into  their  construction. 

After  choosing  a  site  for  a  proposed  reservoir,  one  of 
the  first  points  requiring  attention  is  the  determination 
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of  its  storage  capacity  up  to  diflferent  proposed  levels  of 
escape.     For  this  purpose,  marks  are  fixed  at  differences 
of  level  of  about  5  or  10  feet,  on  any  convenient  short 
line  of  its  section ;  and  the  contours  of  these  levels  marked 
out  and  surveyed  all  around  the  basin,  in  order  to  obtain 
the  perimeters  and  areas  at  each  contour,  from  which,  as 
before  shown,  the  contents  of  each  lamina  can  be  calcu- 
lated,  and  the   content   up  to  any  other  contour.      If, 
however,  it  be  preferred  to  obtain  this  by  means  of  a 
series  of  longitudinal  and  transverse  sections  taken  up 
to  the  heights  of  the  various  contour  levels,  it  is  perhaps 
best  to  direct  the  former  in  conformity  with  the  axis  or 
axes  of  figure  of  the  basin,  and  the  transverse  sections  at 
right  angles  to  them,  and,  as  far  as  possible,  at  equal 
distances  along  them ;  although  in  many  instances,  un- 
equal distances  and  inclined  directions,   more  suited  to 
the  form  and  disposition  of  the  ground,  woul^  give  more 
correct  results ;    and  the  inclined  sectional  areas,  when 
multiplied  by  the  cosine  of  the  angle  of  obliquity,  are 
easily  reduced  to  the  true  values  of  their  corresponding 
rectangular  transverse  sections.     Should  a  winding  river 
channel  or  depression  form  part  of  the  basin,  it  is  often 
more    convenient    and    coiTect    to   estimate  its    content 
independently,  and  add  it  in  afterwards. 

The  following  are  the   three  formulae   most  used  in 
obtaining  the  contents  from  the  sectional  areas  : — 

1.  If  there  be  only  two  sectional  areas,  Aj,  A,,  taken  at 
a  time,  at  a  common  distance,  d, 

the  contents  =  2  (-^i  "*"  ^^'  ^^  "  3  (^»  +  A,  +  ^Z A^A^ 

2.  If  there  be  three  equidistant  sections,  A,,  A,,  As, 

taken  at  a  time,  and  their  common  distance  is  d, 

d 
the  contents  =  g  (A,  +  4  A,  +  A^,)  prismoidal 
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3.  If  there  be  any  even   number   (n)   of  equidistant 
sections,  A,,  A,,  &c.,  up  to  A^,  at  a  common  distance,  d, 

/A  A«\ 

the  contents  =  {/(—*  +  A,  +  &c.  A^  —  1  +'^)* 

The  accuracy  of  result  will  of  course  depend  on  the  close- 
ness of  the  sections,  and  the  suitability  of  their  positions 
to  the  general  form  of  the  reservoir. 

The  capacity  of  the  reservoir  being  obtained,  the 
amount  of  supply  that  can  be  expected  annually  from 
the  catchment  area  may  be  obtained,  either  in  total 
quantities  or  in  continuous  quantities  as  cubic  feet  per 
second,  by  the  aid  of  Parts  1  and  2  of  Table  II.  of  the 
Working  Tables ;  in  these  calculations  much  labor  is 
saved  by  deducting,  in  the  first  place,  the  allowance  due 
to  evaporation  and  absorption  on  the  catchment  area 
from  the  rainfall  given,  and  making  use  of  the  available 
rainfall  or  rainfall  run  ofi"  as  the  basis  of  calculation  for 
supply. 

If  2L  limited  supply  alone  be  required,  the  use  of 
Part  1,  Table  III.  of  the  Working  Tables,  will  enable 
the  contents  of  the  reservoir,  and  extent  of  catchment 
area  necessary  to  afibrd  the  supply  to  be  rapidly  deter- 
mined.  Part  2,  Table  III.,  may  also  be  occasionally 
useful,  where  the  supply  is  Umited  by  the  needs  of  an 
extent  of  land  to  be  irrigated,  or  the  population  of  a 
town  requiring  water  for  public  purposes. 

The  section  of  waterway  of  escape  has  next  to  be 
determined;  this  depending  on  the  flood  discharge  and 
the  maximum  downpour  in  twenty-four  hours.  In  these 
calculations.  Part  3,  Table  11.  of  the  Working  Tables  is 
useful ;  so  also  are  Parts  1  and  2,  of  Table  IV.,  in  con- 
nection with  the  formula  already  given  for  flood  dis- 
charge. 

The  reduction  or  conversion  of  discharges  or  supplies 
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into  either  total  or  continuous  quantities  for  Various 
intervals  of  time,  can  be  rapidly  effected  by  the  aid  of 
the  Table  of  Equivalents,  Table  XI.,  Parts  1  and  2 ;  and 
their  conversion  into  other  measures,  English  or  metrical, 
may  be  facilitated  by  the  use  of  Parts  5  and  6  of  the 
same  table. 

All  these  are  of  course  simply  modes  of  calculating, 
or  of  shortening  the  calculation,  of  the  quantities  of 
water ;  the  determination  of  them  has  to  be  left  to  the 
discretion  of  the  engineer  and  the  requirements  of  the 
case.  Should  the  supply  be  required  to  maintain  a  certain 
depth  of  water  for  navigation  in  a  canal,  the  seasons, 
the  supply  deficient,  the  loss  in  the  canals  from  evapo- 
ration and  filtration,  and  all  such  data,  will  determine 
the  amount ; — if  for  irrigation,  the  amount  of  land,  its 
quality  of  soil,  and  probable  water  duty ;  on  this  latter 
subject  information  is  given  in  Chapter  III.  and  in  the 
Hydraulic  Statistics,  in  Part  2  of  this  Manual,  where 
data  of  the  waterings  and  water  duty  usual  in  France, 
Spain,  Italy,  and  Northern  and  Southern  India,  are 
given. 

If,  again,  the  supply  is  required  either  for  motive 
power  or  the  public  purposes  of  town  supply,  the  amount 
and  height  of  delivery  require  determining  with  reference 
to  local  conditions ;  with  reference  to  this,  therefore,  no 
guide  would  be  of  use.  Lastly,  if  the  object  is  the 
control  of  floods,  the  whole  of  the  physical  conditions 
of  the  river  and  its  banks,  from  its  highest  watershed 
down  to  its  mouth  or  embouchure  in  the  sea,  will  be 
matters  affecting  the  amount,  and  the  management  and 
regulation  of  the  storage. 
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6.    DISCHABGES    OF    RIVERS,    OPEN    CHANNELS,   AND 

PIPES. 

The  various  modes  of  gauging  velocities  and  discharges 
are  described  in  the  chapter  on  field  operations  and 
guaging.  The  calculation  of  velocity  or  of  discharges, 
under  different  conditions  and  for  different  data,  may  be 
considered  independently  of  gauging.  It  is  important 
to  the  engineer  that  he  should  at  any  time  be  able  to 
calculate,  in  a  few  moments,  the  discliarge  of  any  pipe, 
river,  or  canal,  from  such  data  as  he  may  possess. 

The  number  of  calculated  velocity  formulae,  their  variety, 
and  the  wonderful  amount  of  complication  in  them,  as  well 
as  the  want  of  exactitude  of  result  they  give,  is  truly 
astonishing ;  and  when,  on  the  other  hand,  one  observes 
some  engineers  adhering  slavishly  to  the  tables  and  data 
of  one  hydraulician,  others  to  those  of  another,  and  others 
again  going  through  the  conscientious,  but  very  lengthy, 
course  of  examining  everj^thing  that  every  hydraulician 
has  said  or  done  in  the  matter  of  calculation  of  mean 
velocity  of  discharge,  one  cannot  but  feel  pained  as  well 
as  surprised. 

It  would  be  quite  out  of  place  in  this  portion  of  a 
Manual  of  this  description,  which  has  for  its  object  the 
supplying  the  engineer  with  information  and  tables  for 
calculating  his  quantities  and  data  in  as  rapid  a  way  as 
practical  correctness  will  allow,  to  enter  into  a  detailed 
investigation  of  all  these  formulae,  and  the  reasons  for 
setting  them  all  aside,  and  adhering  to  that  adopted  in 
preference,  and  to  the  exclusion  of  all  others ;  it  will, 
therefore,  suffice  for  the  author  here  to  mention  the  reason 
for  adopting  any  one  formula  or  conclusion  as  it  is 
brought  forward.     A  comparison  of  the  results  of  various 
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hydrodynamic  formulae,  will  be  given  in  Chapter  IIL, 
among  the  miscellaneous  detached  paragraphs. 

The  general  formula  for  discharge,  based  on  the  theories 
mentioned  in  the  previous  sections  of  this  chapter,  is 

Q  =  AV  =  A(/yES)*, 

the  terms  of  which  are  given  in  the  general  notation, 
page  10  ;  the  mean  velocity  of  discharge  being  the 
smaller  and  more  convenient  quantity  to  deal  with,  for 
rivers  and  open  channels,  and  the  discharge  itself  being 
the  quantity  more  often  required  for  pipes,  sewers,  and 
closed  tubes  or  tunnels  of  all  sorts. 

Taking,  however,  the  expression  for  mean  velocity  of 
discharge,  obtained  by  equating  the  accelerating  effect  of 
gravity  down  an  inclined  plane  with  the  retarding  effect 
of  friction,  it  can  be  put  into  the  form  more  convenient 
for  English  measures— 

V  =  c  X  100  (ES)*, 

where  c  is  a  variable  experimental  coefficient,  depending 
on  the  surface,  the  condition,  the  dimensions,  and  the 
hydraulic  slope  of  the  channel  or  pipe,  and  hence  on  a 
further  experimental  coefficient  of  fluid  friction,  and  on 
a  fresh  development  of  the  functions  R  and  S :  its  value 
under  extreme  conditions  varies  from  '25  to  about  2*00. 

A  correct  formulated  determination  of  the  value  of  the 
coefficient,  c,  for  all  conditions,  is  a  matter  that  can  only 
be  said  to  have  been  even  approximately  arrived  at  in  the 
last  few  years,  from  an  examination  of  the  experimental 
results  of  d'Arcy  and  Bazin  on  the  discharges  of  pipes, 
open  channels,  and  ordinary  rivers,  and  those  of  Hum- 
phreys and  Abbot  on  the  discharges  of  very  large  rivers; 
by  Mr.  W.  E.  Kutter,  of  Bern. 

The  determination  of  the  coefficient,  for  which  we  are 
indebted  to  him,  and  tables  rendering  it  easily  found  for 
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open  channels  and  rivers  of  any  sort  or  dimensions,  in 
metrical  measures,  are  given  in  his  valuable  articles  in  the 
"  Cultur  Ingenieur  "  for  the  year  1870. 

Prom  these  the  values  of  the  coefficient  suited  to 
English  feet  and  cubic  feet  per  second  have  been  reduced ; 
they  are  given  in  the  table  for  coefficients  of  all  sorts, 
Table  XII.,  imder  the  head  of  coefficients  of  velocity  of 
discharge,  in  Part  3,  pages  Ixxi.  to  Ixxx. :  these  are  also 
further  explained  by  the  table  of  coefficients  of  fluid 
friction  in  Part  1,  Table  XIL,  page  Ixix. 

With  the  aid,  therefore,  of  these  tables  of  coefficients, 
and  the  values  of  the  expression  100  (KS)*,  given  in 
Table  VII.,  pages  xviii.  to  xxv.,  the  values  of  V,  the 
mean  velocity  of  discharge  of  rivers  and  open  channels 
can  be  rapidly  determined  in  a  few  moments,  according 
to  the  most  improved  and  correct  method  yet  known. 

With  the  aid  of  the  same  tables  of  coefficients  and  the 
values  of  the  expression, 

Q  =  c  X  39-27  {Sd')  when  t?  =  1, 

given  in  Table  VIII.,  pages  xxvi.  to  xxxvi.,  the  actual 
discharge  of  any  fall  cylindrical  pipe,  sewer,  or  tunnel, 
can  also  be  determined. 

These  tables,  to  which  explanatory  examples  are 
attached,  can  also  be  used  for  the  converse  purpose  of 
obtaining  the  head,  diameter,  hydraulic  slope  or  hydraulic 
radius,  due  to  given .  discharges  of  channels  and  pipes ; 
it  will,  however,  be  necessary  for  the  calculator  to 
remember  that  all  dimensions,  even  diameters  of  pipes, 
are  invariably  kept  in  feet,  and  that  all  slopes  are  kept 
in  the  form  known  as  the  sine  of  the  slope,  mentioned 
in  the  general  notation,  page  11,  of  this  chapter.  Should 
it  be  necessary  to  reduce  these  from  gradients  given  in 
other  forms,  such  as  in  feet  per  English  mile,  or  as  a  fall 
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of  unity  to  a  certain  length.  Table  VI.,  pages  xiii,  to 
xvii.,  will  be  found  to  save  calculation. 

So  far  for  the  velocity  formula  actually  adopted,  and 
the  mode  of  working  it  in  calculating  results.  As  regards 
the  formula  itself,  independently  of  the  determination  of 
the  variable  coefficient,  it  is  none  other  but  the  Eytelwein 
formula,  or  Chezy  formula,  in  a  very  much  improved 
form,  having  the  results  of  modern  experiment  incor- 
porated with  it.  An  e'iamination  of  all  the  hydraulic 
formulaB  for  mean  velocity  shows  that  most,  in  fact, 
almost  all  of  them,  were  modifications  of  the  Chezy 
formula,  some  of  them  adding  an  additional  term  or 
function,  and  altering  the  value  of  the  experimental 
coefficent,  but  still  asserting  its  fixity.  In  the  previous 
editions  of  this  Manual,  written  before  Mr.  Kutter  had 
published  his  valuable  improvement,  all  these  formulae, 
having  fixed  coefficients,  were  rejected  by  the  author, 
who  at  the  same  time  asserted  the  principle  that  no 
fixed  coefficient  was  suitable  to  all  circumstances,  and 
that  the  engineer  should  choose  for  himself  a  coefficient 
most  suitable  to  the  special  circumstances,  dimensions, 
and  condition  of  the  pipe,  channel,  or  river,  with  whose 
discharge  he  was  dealing;  and  that  the  results  of  ex- 
periments should  be  always  consulted  for  this  purpose. 

A  mode  of  successive  approximation  to  the  mean 
velocity  was  also  recommended,  first,  assuming  c  =  1 ; 
and  then  from  the  mean  velocity  resulting,  assuming  a 
second  value  of  c,  according  to  the  following  table,  a  second 
true  velocity  of  discharge  was  calculated. 

V.  C,  1?.  C,  V,  C,  V.  c. 


10 

•910 

1-5 

•960 

2-0 

1-000 

2-5 

1023 

11 

•920 

1-6 

•968 

21 

1-006 

26 

1026 

1-2 

•930 

17 

•976 

2-2 

1-009 

2-7 

1^030 

1-3 

•940 

1-8 

•984 

2-3 

1-014 

2-8 

• 

1033 

1-4 

•950 

1^9 

•992 

24 

1^018 

2-9 
3-0 

1087 
1-040 
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But  these  were  intended  to  apply  solely  to  canals  in 
earth  in  good  order.  A  few  values  of  c,  suitable  to  pipes 
under  various  velocities,  were  also  given ;  but  they  were 
detached,  and,  from  want  of  experiment,  very  insufficient. 
Yet  the  true  state  of  the  case,  and  the  mode  most 
advisable  for  adoption  until  investigations  on  a  larger 
scale  threw  more  light  on  the  matter,  was  then  clearly 
set  forth. 

Now  that  the  experiments  of  d'Arcy  and  Bazin,  of 
Humphreys  and  Abbot,  and  of  Ganguillet  and  Kutter, 
have  been  comprehended  in  one  formula,  the  labour  of 
choosing  a  coefficient  from  experimental  records  is  ren- 
dered entirely  needless. 

The  determination  or  tabulation  of  this  coefficient  has 
gone  through  two  stages  of  development.  The  first  was 
that  made  by  Bazin,  based  on  the  experiments  conducted 
by  d'Arcy,  by  Bazin  himself,  and  by  various  engineers  of 
the  French  Fonts  et  Chaussees,  and  is  applicable  to 
metrical  measures.  The  principles  asserted  were  that 
the  coefficient  depended  on  two  quantities  or  qualities 
only,  namely,  the  condition  of  surface  of  the  bed  and 
banks  touched  by  the  water,  and  the  hydraulic  mean 
radius  of  the  section  of  discharge.  Four  categories  of 
coefficients  were  adopted. 

1st.  For  very  smooth  surfaces,  well  plastered  surfaces 
in  cement,  and  well  planed  plank. 

2nd.  For  smooth  surfaces,  ashlar,  brickwork,  and 
ordinary  planking. 

3rd.  For  less  smooth  surfaces,  as  rubble. 

4th.  For  earthen  channels. 

The  values  of  the  coefficient.  A,  being — 

(1)  0-00015(1  +  ^) 
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(2)  000019(1  +^) 


(8)  000024  ( 


1  + 


B 

0-25 

B 


) 


(4)  0-00028(1  +  ^) 
and  the  corresponding  value  of  c  for  the  English  formula 


1-81 


of  discharge  being  = =-  for  metres,  and 

^  ^      lOOv/A  lOOv/A 

for  English  feet ;  the  French  formula  for  metres  being 

ES 


V» 


=  A, 


aud  the  English  formula  for  feet  being 

V 


100  (RS) 


=(?. 


The  values  of  these  coefficients,  adapted  to 
sponding  formula  in  English  feet,  are  generally 
in  their  respective  categories  : — 


B. 

1- 

1-5 

2- 

2-5 

8- 

3-5 

4- 

4-5 

6- 

6"5 

6- 

7-5 

8- 
19- 
20* 


.C. 

(1) 
1-41 

1-43 

1-44 

1-45 

1-45 

1-46 

1-46 

1-46 

1-46 

1-46 

1-47 

1-47 

1-47 

1-47 

1-48 


C. 

(2) 
118 
1-22 
1-24 
1-26 
1-26 
1-27 
1-28 
1-28 
1-29 
1-29 
1-29 
1-29 
1-30 
1-30 
1-31 


R. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
14 
15 
18 
20 


C. 

(3) 

0-87 

0-98 

1-04 

106 

108 

1-10 

1-10 

111 

112 

112 

113 

113 

114 

1-14 

114 


the  corre- 
as  follows. 


C. 

(4) 
0-48 
0-62 
070 
0-76 
0-80 
0-84 
0-86 
0-88 
0-90 
0-91 
0-98 
0-95 
0-96 
0-98 
0-98 


To  obtain  the  values  of  coefficients  of  mean  velocity 
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from  the  observed  maidmum  velocity  V„  and  values  of 
E  and  S  in  English  feet,  we  obtain  from  Bazin's  formula 
V„  =  V,  - 14  v^HB  for  metres,  which  for  English  feet  is 

V„  =  V,  -  23-5  v/KS,  c  =  01  [-^ ^  25-31. 

Applying  this  coefficient  to  the  fonnula  V^  =  c  x  100  v/ES, 
the  true  mean  velocity  of  discharge  V^  is  obtained,  and 
it  is  probable  that  this  latter  mode  of  determination  is 
preferable  both  to  the  former  and  to  the  following  method 
adopted  by  Kutter. 

The  second  stage  of  development  was  effected  by 
Kutter  and  Ghtnguillet ;  their  own  experiments  on  tor- 
rents and  streams  in  Switzerland,  combined  with  the 
results  of  Humphreys  and  Abbot  on  very  large  rivers, 
led  them  to  believe  that  the  coefficient  should  not  be 
confined  within  so  small  a  number  of  categories,  and  that 
also  it  was,  besides  being  a  function  of  the  surface  acted  on 
by  the  water,  and  the  hydraulic  radius  of  the  section,  a 
function  of  the  hydraulic  slope. 

They  therefore  extend  the  categories  of  coefficients  suit- 
able to  open  channels  of  all  sorts  in  earthen  beds  into 
four  distinct  classes,  and  make  some  other  additions  to 
the  categories  adopted  by  Bazin  ;  these  new  classes  being 
ranged  in  accordance  with  the  coefficient  of  fluid  friction 
adopted  as  suitable  to  the  surface  under  consideration. 

A  table  of  these  general  values  of  the  coefficient  of 
fluid  friction  is  given  in  Part  1  of  Table  XII.,  page  Ixix. ; 
and  some  local  values  from  which  the  former  were  deduced 
by  Mr.  Kutter,  are  also  given  on  the  same  page.  The 
classes  being  determined  by  these  means,  the  values  of 
the  coefficients  of  discharge  are  made  to  depend  on 
them,  as  well  as  on  the  hydraulic  slope  and  hydraulic 
radius  of  the  open  channel  under  consideration,  and  are 
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obtained  for  metrical  measures  by  the  following  expres- 
sion : — 

23  +  -V  *  .»:»"-?^ 
r= ^       ? — 


which  is  also  given  in  the  following  form  :  — 

z 

•  1       +      --— 

1.              oQ  .   1    .000155       ,  ./oQ  .  0-00155  N 

where  jzr  =  23  +-^  + ^ —  and  a?  =  / f  23  +  — ^ —  V 

The  reduction  of  this  expression  for  application  to 
English  measures,  for  which  c  =  0*0181  c^,  is  effected  in 
pages  Ixxi.  to  Ixxx.  of  the  Working  Tables ;  and  if  any 
convenient  general  value  of  /  be  assumed  as  applicable  to 
the  particular  case,  the  coe£Glcient  corresponding  to  any 
ordinary  values  of  R  and  S,  likely  to  occur  in  practice  on 
canals  and  rivers,  can  be  read  at  sight. 

The  calculation  of  the  discharge  of  pipes  is  conducted 
on  exactly  the  same  principle ;  although  it  is  extremely 
unfortunate  that  the  investigations  of  Ganguillet  and 
Kutter  were  limited  to  open  channels,  and  hence  the 
application  of  his  principles  to  pipes,  though  rationally 
superior  to  any  other  mode  previously  adopted,  cannot  be 
conducted  with  the  same  amount  of  experimental  record 
in  support,  nor  with  the  same  amount  of  accuracy. 

Assuming  then  the  same  formula  for  mean  velocity  of 

discharge — 

V  =  c  X  100  (ES)*, 

and  adapting  it  to  terms  of  the  diameter  of  a  pipe  in 
feet ;  it  becomes  for  full  cylindrical  pipes  and  tubes  of  all 

sorts,  where  E  «  ^ 

V  =  <r  X  60(</Si), 
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and  as  the  actual  discharge  is  the  quantity  more  usually 
required  direct  in  the  case  of  pipes,  this  is— 

Q  =  A  V  =  e?  X  7854  rf*  x  50  (rfS)*, 

c  X  39-27  (Srf*)*, 
for  discharges  in  cubic  feet  per  second. 
The  converse  forms  of  this  expression  being— 

H  =  ^  X  00648  -^, 

where  H  is  the  head  in  feet  for  a  length  of  100  feet,  or  is 
equal  to  100  S. 

The  values  of  these  quantities  are  given  in  Parts  1 ,  2, 
and  3,  of  Table  VIII.,  for  a  value  of  e?  =  1,  and  the  values 
of  c  given  in  the  table  of  coefficients  of  discharge,  Table 
XII.,  pages  Ixxi.  to  Ixxiv,,  can  be  applied :  the  powers  and 
roots  of  c  can  be  taken  from  Part  7,  Table  XII. 

With  regard  to  these  coefficients,  it  will  be  noticed  that 
for  want  of  sufficient  experimental  data,  a  coefficient  of 
friction  /  9  0*010  has  been  assumed  as  applicable  to 
enamelled  or  glazed  metal  pipes,  and  one  of  0*013  for 
ordinary  metal  and  earthenware  or  stone^ware  pipes  under 
ordinary  conditions,  but  not  new;  and  there  is  every 
reason  to  believe  that  these  assumptions  are  generally 
correct,  if  we  compare  the  smoothness  of  surface  of  a 
glazed  pipe  with  that  of  very  smooth  plaster  in  cement, 
and  that  of  an  ordinary  pipe,  in  average  condition,  with 
that  of  ashlar  or  good  brickwork. 

In  appl}ring  however,  to  pipes  the  coefficients  of  dis- 
charge, resulting  from  the  formula  of  Mr.  Kutter,  one 
would  naturally  be  unwilling,  to  push  to  extremes  the 
principle,  asserted  by  him  as  applicable  to  open  channels, 
and  would  prefer  stopping  at  a  point  where  the  experi* 
mental  data  now  forthcoming  leave  us.     It  would,  there- 
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fore,  seem  imprudent  at  present  to  assume  the  law  of 
coefl&cients  asserted  by  Mr.  Kutter,  to  hold  good  for  a 
hydraulic  radius  R  less  than  0*1  feet;  which,  for  falls 
steeper  than  0001  give  as  a  coefl&cient  for  glazed  pipes 
0*84,  and  for  ordinary  pipes  0*61.  This  limiting  hydraulic 
radius  of  01  feet  is  that  of  a  5-inch  pipe,  or  a  pipe 
having  a  diameter  of  0*4  feet ;  and  we  therefore  assume 
for  the  present,  and  until  further  investigation  has  thrown 
more  light  on  the  subject,  that  the  coefl&cient  of  discharge 
for  all  full  pipes,  having  a  diameter  less  than  0  4  feet, 
will  be  the  same  as  for  those  of  that  diameter. 

The  above-mentioned  modes  of  calculating  the  dis- 
charge of  rivers,  open  channels,  and  fiill  cylindrical  tubes, 
are  intended  to  apply  generally. 

It  will,  however,  be  perfectly  evident  that  this  does  not 
by  any  means  preclude  the  application  of  an  aUowance 
or  deduction  made  for  special  circumstances.  In  actual 
fact,  few  channels  are  either  perfectly  straight,  perfectly 
regular,  or  free  from  lateral  and  longitudinal  irregular- 
ities ;  these  alone  may  aflfect  the  amount  of  discharge  by 
as  much  as  five  per  cent.,  even  after  making  allowance 
for  loss  of  head  by  bends  and  obstructions ;  and  the  local 
conditions  of  a  river,  the  wind,  the  amount  of  silt  in 
suspension,  the  motion  of  its  shoals,  the  change  of  the  set 
of  its  currents,  all  seriously  aflTect  a  discharge  calculated 
from  data  that  make  no  allowance  for  these  circumstances. 

Por  canals  and  regular  rectangular  and  trapezoidal 
channels  in  earth  in  good  order,  calculated  discharges 
will  naturally  give  results  more  correctly  than  for  natural 
or  river  channels ;  the  errors  due  to  various  irregularities 
being  very  much  reduced.  The  formulae  of  discharge 
are,  however,  as  frequently  used  in  determining  the 
section  of  canal  intended  to  convey  a  certain  discharge, 
as  to  obtain  a  discharge  from  data  of  an  actual  canal. 
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In  these  cases^  a  consideration  of  the  various  forms  of 
section,  suitable  to  different  purposes,  is  also  necessary. 
This  matter  has  been  treated  and  repeated  in  nearly  the 
same  terms  in  all  works  on  hydraulics,  and  there  is, 
perhaps,  nothing  new  to  be  said  about  it;  the  entire 
omission  of  it  in  a  Manual  of  this  description  might, 
however,  be  liable  to  cause  disappointment;  and  hence 
the  following  remarks,  most  probably  based  on  the  ideas 
of  Eytelwein  and  d'Aubuisson,  though,  perhaps,  taken 
through  other  channels  now  forgotten,  are  therefore  in- 
serted for  purposes  of  reference. 

6.  THE  FORM  OF  OPEN  CHANNEL 

that  will  give  a  maximum  discharge,  is  that  which,  for  a 
given  sectional  area,  has  the  least  wetted  border  or  peri- 
meter;  the  semicircle,  like  the  circle,  is  geometrically 
known  to  possess  this  property,  and  regular  demipoly- 
gons  externally  tangential  to  the  semicircle,  have  also 
more  or  less  this  property,  according  as  their  sections 
more  or  less  approximate  to  it  in  form ;  the  semicircle, 
too,  has  its  hydraulic  radius  equal  to  half  its  middle 
depth,  and  this  also  holds  for  trapeziums  of  maximum 
discharge. 

Hence  Neville's  geometrical  construction  for  deter- 
mining the  form  of  the  trapezoidal  channel  of  maximum 
discharge  that  has  given  side-slopes  and  sectional  area. 

Prom  the  middle  of  the  top  width  of  the  proposed 
trapezium,  describe  a  semicircle  with  a  radius,  equal  to 
the  proposed  depth,  and  draw  the  given  slopes  and  the 
bottom  tangential  to  it. 

This  form  gives  the  top  width  =  sum  of  the  side-slopes, 

the  mean  width  =  half  the  perimeter, 

and  the  area  =  rf*  ^tan-^  +  cosec  BV 
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where  d  =  depth,  and  B  =  inclination  of  the  slope  with 
the  horizon. 

From  these  properties,  the  relative  dimensions  of  trape- 
zoids of  maximum  discharge,  may  be  obtained  for  any 
side-slopes.  They  are  given  in  the  following  table  by 
Neville. 

JRekUive  Dimensions  .of  MaximwH  Discharging  Channels — (Neville). 

Factors  for 


Slope. 

Angle. 

Depth.     Bottom.     Top.          R. 

In  terms  of  the  square  root 

of  the  area. 

Area. 

90» 

Otol 

707 

1414 

1-414 

-364 

2rf« 

63«  26'. 

Jtol 

•769 

•938 

1-697 

•379 

l-736rf« 

48»  34'- 

Itol 

•748 

•675 

1996 

•374 

1784rf» 

45" 

1  tol 

•740 

•613 

2093 

•370 

l-828rf« 

36«  62' 

• 

Utol 

•707 

•471 

2-367 

•364 

2rf» 

33«  41' 

IJto  1 

•689 

•417 

2-484 

•345 

2105rf» 

SO^SS' 

If  tol 

•671 

•372 

2-608 

•336 

2-221rf« 

260  34' 

2tol 

•636 

•300 

2-844 

-318 

2472i/* 

Semicircle 

curve 

•798 

•000 

1-696 

•399 

1-57W 

circle 

curve 

1-128 

•000 

•000 

•282 

•785rf» 

These  are  most  applicable  in  cases  where  heavy  floods 
have  to  be  provided  for  by  a  rapid  drainage,  and  where  the 
maximum  discharge  is  the  principal  object. 

For  most  practical  purposes,  however,  such  channels 
would  be  worse  than  useless,  because  depth  is  more  ex- 
pensive than  width,  because  the  high  velocity  generated 
might  be  destructive  to  the  channel  itself,  and  in  cases 
where  navigation  is  an  object,  the  depth  of  draught 
would  be  too  much  affected  by  the  fluctuation  of  supply ; 
depth  and  velocity  being  thus  limited,  as  well  as  the 
hydraulic  slope,  which  is  controlled  by  local  circum- 
stances, and  the  side-slopes,  which  depend  on  the  nature 
of  the  soil,  the  width  remains  the  only  function  of  the 
section  which  admits  of  much  variation. 

Now,  in  a  proportion   of  width    to    depth   exceeding 
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14  to  1,  which  is  about  the  lowest  limit  that  will  main- 
tam  a  navigable  depth,  the  side-slopes  cease  to  remain 
a  very  important  element,  and  the  mean  width  can  be 
dealt  with  equally  well  for  rectangular  and  for  flat  trape- 
zoidal sections ;  the  practice  in  calculation,  therefore,  is, 
after  assuming  certain  side-slopes,  to  reduce  or  increase 
the  mean  width  by  two  or  three  feet  at  a  time,  until 
a  safe  bottom  velocity  is  attained  by  the  form  of  section 
thus  approximated  to,  and  the  intended  discharge  thus 
arrived  at.  The  next  point  is  to  know  the  relations 
between  width  and  depth  that  give  many  sections  that 
will  discharge  the  same  quantity  with  the  same  hydraulic 
slope.  For  this  purpose  their  areas  are  inversely  as  the 
square  roots  of  their  hydraulic  mean  depths,  and  hence 
the  square  root  of  the  cube  of  the  channel  sectional  area, 
divided  by  the  perimeter,  must  be  constant.     Thus : — ' 


( 


VTTd)  -'"' 


and  hence  d* j  rf  =— •• 

Solving  which,  we  obtain  for  a  value  of  w  =  70,  and 
for  convenient  values  of  d  up  to  6,  corresponding  values 
of  m.     Thus: — 


d   -25 

•50 

75 

1-00 

1-25 

1-50 

175 

200 

m   87 

246 

45-0 

690 

96-9 

126 

158 

193 

d   2  5 

30 

3-5 

40 

.4-5 

5-0 

5-5 

6-0 

m  267 

349 

437 

531 

629 

732 

839 

951 

This  equation  being  also  worked  out  for  the  same 
values  of  d  and  other  values  of  to,  the  results  are  formed 
into  a  table  of  equal  discharging  channel-sections,  given 
in  Part  4,  Table  XI.,  page  Ix.,  which  answers  all  practical 
purposes  in  determining  dimensions  of  section  for  open 
channels  of  any  size,  by  applying  multiples   and  sub- 


40 

multiples  to  the  dimensions  there  given.  The  table 
mentioned  was  taken  from  Stoddard's  work,  although 
there  is  also  one  very  much  like  it  in  Neville's  well- 
known  work  on  Hydraulics,  as  there  appeared  to  be  no 
advantage  in  making  a  new  one. 

An  additional  table  has,  however,  been  made  by  the 
author  to  facilitate  the  determination  of  channels  (not 
channel  sections)  of  equal  discharge,  applicable  to  cases 
in  which  the  variable  coefficients  of  discharge,  adopted  by 
Mr.  Kutter,  are  employed.  Part  4,  of  Table  XI.,  page  Ixi., 
gives  a  variety  of  depths,  bottom  widths,  velocities, 
and  hydraulic  slopes,  that  are  applicable  to  channels  of 
one  given  discharge,  and  is  useful  in  roughly  deter- 
mining dimensions  and  data  necesgliry  for  various  dis- 
charges. 

Tlie  form  of  section  of  a  pipe^  with  reference  to  its 
discharge,  is  a  matter  in  which  very  little  variation  is 
practically  possible :  all  small  pipes  being  generally 
made  cylindrical  and  kept  constantly  full.  The  quality 
of  the  interior  surface  of  the  pipe  is  however  very  impor- 
tant, the  discharge  being  liable  to  be  reduced  as  much  as 
33  per  cent,  by  fouling  and  incrustation,  the  retarding 
influence  being  not  so  much  the  diminution  of  section 
as  the  increase  of  friction. 

Formerly  the  method  usually  adopted  in  making  allow- 
ance for  incrustation  consisted  in  reducing  the  diameter 
employed  in  calculating  the  discharge;  the  reduction 
being  \  inch  for  pipes  less  than  3  inches  in  diamet'Cr, 
f  inch  for  3-inch  to  6-inch  pipes,  and  1  inch  for  pipes 
6  inches  to  1  foot  and  upwards  in  diameter.  It  is  evident, 
however,  that  this  principle  is  faulty,  and  that  the  reduc- 
tion should  be  made  for  these  circumstances  in  the 
coefficient  of  fluid  friction  employed  in  determining  the 
coefficent  of  discharge.     It  is  to  be  hoped  also  that  in  the 
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fatore  water  pipes  will  not  be  allowed  to  fall  into  the 
disgracefully  filthy  condition  that  has  too  often  existed  in 
England,  and  that  some  enamelling  or  glazing  process, 
like  that  of  Dr.  Angus  Smith,  will  be  more  imiversally 
adopted. 

It  will  be  evident  from  an  examination  of  the  original 
formula,  that  in  order  to  obtain  a  maximum  discharge 
from  a  pipe,  its  hydraulic  mean   depth,  R,  must  be  a 

maximum.     A  full  cylindrical  pipe,  having  R  =  J   seems 

at  first  sight  to  be  nearly  perfect  in  this  respect ;  and, 
under  high  velocities,  doubtless  gives  the  greatest  scouring 
power; — but  the  segmental  circular  section,  leaving  an 
upper  section,  whose  angle  is  78^°  empty,  admitting  of 
the  advantage  of  making  the  upper  segment  movable 
for  cleaning,  gives  a  maximum  discharge  for  nearly  filled 
pipes  under  smaller  velocities,  as  thus  shown  : — 

Segmental  Fall  Circle. 
Hydraulic  radios        •••        •••        •••        *6  *5 

Velocity  1*095  1* 

Discharge        •••         •••      1*026  1* 

The  egg-shaped  section,  usually  adopted  for  sewers,  is 
good  for  intermittent  imfiUed  pipes,  as  it  fills  higher 
and  flushes  better  : — one  form  is  generally  adhered  to,  in 
which  the  diameter  of  the  bottom  circle  is  half  that  of 
the  top,  and  the  depth  of  the  sewer,  and  the  radius  of 
each  side  curve,  are  each  equal  to  once  and  a  half  the 
diameter  of  the  top  circle ;  they  are  generally  calculated 
for  filling  to  two-thirds  of  their  depth,  and  in  that  state 
their  discharges  and  velocities  bear  well-known  propor- 
tions to  those  of  cylindrical  sewers  : — viz. 

Velocities.  Discliarges. 

Cylindrical,  full 1-00  100 

Ovoid,  i-fnll        ...         ...         ...         1-04  -89 

Cylindrical,  V^U  ••  •••  '61 
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Calculations  connected  with  pipes  and  sewers  may  be 
sometimes  shortened  by  taking  discharges  through  pipes 
of  the  same  section  in  proportion  to  the  square  of  the 
head,  and  through  pipes  of  the  same  head  proportional 
to  the  square  roots  of  the  fifth  powers  of  the  diameters. 
In  these,  Part  7,  Table  XII.,  is  of  use. 

In  dealing  with  the  slopes  of  pipes,  it  must  be  remem- 
bered that  the  hydraulic  slopes  are  those  that  are  dealt 
with  in  all  formulse  of  discharge.  Pipes  are  usually  placed 
two  or  three  feet  below  ground,  to  protect  them  from  frost, 
and  follow  its  sinuosities,  rarely  being  allowed  to  rise  above 
the  mean  hydraulic  gradient  or  slope :  should  they  do  so, 
a  great  loss  of  head  results,  unless  air  vessels  are  applied 
at  those  points,  from  which  the  air  is  allowed  to  escape 
through  cocks  every  two  or  three  days.  As  again  it  is 
comparatively  rare  that  a  single  pipe  is  laid  to  any  very 
great  distance  with  a  uniform  fall,  being  more  generally 
cut  up  into  lengths  having  different  falls,  it  becomes  neces- 
sary to  proportion  the  diameter  of  the  pipe  in  these  different 
lengths,  so  that  the  discharge  may  be  that  due  to  the 
smallest  diameter.  When  with  such  a  series  of  pipes  of 
different  diameters  the  total  head  is  given,  and  the  dis- 
charge is  required,  the  case  does  not  admit  of  direct  solu- 
tion, as  each  pipe  must  have  its  own  proper  head ;  in  this 
case  it  is  best  to  assume  a  discharge,  and  obtain  separate 
heads  due  to  it  for  each  pipe  in  the  series ;  the  true  heads, 
both  total  and  separate,  may  be  then  obtained  by  propor- 
tion, and  the  gradients  of  each  pipe,  as  well  as  the  mean 
hydraulic  gradient  of  the  whole  series  (which*  is  the  slope 
that  would  be  adopted  for  a  single  uniform  pipe  through- 
out) marked  on  the  section  of  the  design.  The  final  dis- 
charge can  then  be  calculated  from  any  one  of  the  pipes. 
An  example  of  this  is  attached  to  Working  Table,  No.  X. 
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7.  OTHER  THEORIES  OF  FLOW. 

Before  quitting  the  subject  of  flow  and  entering  into 
that  of  velocities,  it  may  be  as  well  to  mention  two 
apparently  more  perfect,  though  far  less  simple,  theories 
of  flow,  which  have  not  yet  brought  about  sufl&ciently 
extended  practical  results  in  the  determination  of  dis- 
charges. The  first  is  that  of  Dupuit :  it  neglects  friction 
on  the  sides  of  the  section  of  flow,  thus  considering 
motion  in  all  vertical  planes  to  be  the  same,  and  dealing 
with  horizontal  laminae  only ;  the  surface  lamina  is  con- 
sidered to  be  in  the  condition  of  a  solid  gliding  over  an 
inclined  plane,  and  each  lamina  below,  except  the  bottom 
one,  is  urged  on  by  its  own  weight  and  its  cohesion  to  the 
upper  lamina ;  the  bottom  fillet  is  retarded  by  its  adhe- 
sion to  the  bed.  Putting  this  in  the  form  of  an  equation, 
summing,  rejecting  certain  terms,  integrating  and  apply- 
ing three  numerical  coefficients,  Dupuit  obtains  a  result, 
which  for  English  feet  is — 

V  =  §L^--082  -h  (0067  +  -9114  ES)*. 

It  is  this  formula  that  has  produced  more  correct 
practical  results  generally,  than  any  one  of  the  formulae 
having  fixed  coefficients :  next  to  it,  in  order  of  correct- 
ness, coming  the  Chezy  formula,  with  a  fixed  coefficient 
c  =  1.  This  theory  assumes  that  the  uppermost  lamina 
moves  invariably  with  the  majumum  velocity,  which  is 
not  the  case ;  the  neglect  of  the  friction  of  the  banks 
might  again  not  vitiate  results  if  applied  to  large  rivers 
or  shallow  channels;  it  is  probable,  therefore,  that  a  naodi- 
fication  of  calculation  suited  to  the  facts  more  recently 
discovered,  about  maximum  velocity,  might  render  this 
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theory  very  perfect  as  well  as  practical.  For  more  in- 
formation, refer  to  Dupuit's  "  Etude  Theorique  et  Pra- 
tique sur  le  mouvement  des  eaux  courautes,  Paris,  1848," 
and  Claudel's  Tables,  which  contain  extracts  therefrom. 

The  second  theory  is  that  of  the  Mississippi  survey, 
mentioned  in  the  Mississippi  Beport,  Philadelphia,  1861^ 
which  deduces  the  new  formula  mentioned,  as  giving  the 
most  correct  results  of  all  yet  known ;  it  is,  however, 
imfortunate  in  its  formulae  being  rather  inconvenient  in 
some  respects.  While,  therefore,  the  investigation  and 
deduction  of  the  formula  is  valuable  on  account  of  the 
information,  and  results  of  experimental  data  applied 
to  it,  the  result  is  not  so  useful  as  regards  the  practical 
use  of  the  formula,  which  was  virtually  set  aside  by  the 
Mississippi  Survey,  whenever  careful  river-gauging  was 
carried  out  in  favour  of  other  equations  deduced  from 
velocity  observation. 

In  a  work  of  this  scope,  it  is  impossible  to  go  beyond 
the  mere  outlines  of  the  demonstration  adopted.  Adopt- 
ing the  notation  of  the  Mississippi  Survey  given  at  pages 
11  and  12,  it  may  be  stated  as  follows. 

The  theory  accepts  uniform  motion  and  the  usually 
accepted  application  of  the  laws  of  uniform  motion,  but 
in  retarding  force,  denies  the  stability  of  position  of  maxi- 
mum velocity,  and  makes  allowance  for  the  resistance  of  the 
air  on  the  water  surface,  as  well  as  for  the  effect  of  wind. 

The  process  of  reasoning  follows  through  the  following 
equations. 

The  equations  obtained  for  the  forces,  are  as  follows  : — 

-    (1).  %a«  =  /  (jt»  +  f.)  »^'  ^  t  ^"^ 

w        +  p 

dividing  both  sides  by  G^/, 

putting  U,  =  -QSp  +  (016  —  '06/)  (^)» 

U,  =  -9317  +  (-06/  +  -35)  {bvf 
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(2).    «_  =  ^  [-93.  +  (6,)»(^C^-7)  +  i>(7-««0| 

^ '*'^  (  W  +  p  ) 

putting  W  =  qp,  where  q  practically  =  1  for  large  rivers. 

(3).  .^^^^—  =  ^  C93p  +  -167  (6v)*  =  ^  (2)  =  Ca». 
(4).  C  =        "* 


(JB    +    W)0» 


by  practical  observation  0  =  -tq^,  hence 

In  this  equation  there  are  practically  only  four  variables, 
a,  p  +  W,  s  and  z,  once  for  ordinary  natural  channels  p 
nearly  =  1*015  W;  hence  if  the  values  of  any  three  are 
given,  the  fourth  may  be  obtained,  the  transpositions  of 
the  equation  being — 

(')•   °  —        in-    i — 

19o«* 

(8).  JO  +  W  =  ^-^- 

z 

Now  r  is  a  variable,  of  which  only  two  absolute  values 
are  known,  viz.,  that  for  a  rectangular  cross  section,  and 
that  for  an  ordinary  river  section,  which  are — 

z  ziv  +  -167  b^v^ 
z  =  -931;  +    167  6*t;* 
Substituting  these  in  (5)  and  solving,  we  get  for  rec- 
tangular channels^ 

(9).  V  =  N/0064*  +  (195r,«*)*-  OS**)* 
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For  ordinary  river  channels, 


(10).  V  =  (>/-0081^  +  (225rj«*-0W*)*; 

For  large  rivers,  where  r  >  1 2  feet,   and  where  b  = 

1*69 
z y^^  =  1856,  the  first  term  may  be  neglected,  and 

this  latter  equation  becomes — 

(11).  V  =  ([225r,«*P  -  -0388)*. 

If  the  discharge  id  known,  and  also  two  of  the  four 
variables  in  equation  (5),  provided  they  are  not  a  and  v, 
the  other  two  variables  may  be  computed  by  eliminating 
the  unknown  variable  in  the  second  member  of  that  one 
of  the  transpositions  of  equation  (11)  whose  first  member 
is  the  variable  sought,  by  substituting  for  it  its  value 
deduced  from  the  equation  (12), 

.-a 

a 

No  difficulty  will  be  found  in  performing  the  calcu- 
lation, except  when  s  and  p  +  ta  are  the  known  variables, 
in  which  rate  an  equation  of  a  higher  degree  than  the 
second  cannot  be  avoided,  and  successive  approximation 
must  be  adopted  as  follows : — 

Assume  a  value  of  a,  and  find  two  values  of  r,  one 
from  equation  (12),  the  other  from  (10)  or  (9),  as  the 
case  may  require ;  these  values  of  v  will  not  agree,  hence 
assuming  a  new  value  for  a,  until  the  resulting  values 
of  V  are  identical. 

An  application  of  the  above-mentioned  Mississippi 
formulae  to  the  discharges  of  canals,  or  even  of  small 
streams  and  rivers,  cannot  by  any  means  be  considered 
satisfactory  as  regards  result;  although  for  large  and 
very  large  rivers,  the  amount  of  exactitude  resulting  may 
exceed  that  of  any  other  known  formulae. 
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8.  VELOCITIES  IN  PIPES  AND  ARTIFICIAL  CHANNELS. 

The  laws  of  the  distribution  of  velocity  in  the  section 
of  an  open  channel,  canal,  or  river,  are  not  yet  satis- 
factorily determined.  A  certain  amount  of  knowledge 
has  been  deduced  from  observation  of  the  variation  of 
velocity  in  the  vertical  planes,  but  as  regards  that  in 
the  horizontal  planes  of  the  section,  nothing  has  abso- 
lutely— and  very  little  relatively — ^yet  been  determined. 
In  pipes,  on  the  contrary,  the  conditions  of  velocity  are 
comparatively  simple.  All  the  valuable  information  on 
this  subject,  quoted  in  this  work,  is  that  deduced  by 
d'Arcy  and  Bazin,  and  by  Humphreys  and  Abbot,  from 
the  results  of  their  extensive  experiments. 

The  experiments  of  d'Arcy,  in  1851,  established  the 
following  law  of  velocity  in  full  pipes  : — 

v/KS  \'r) 

This  equation  is  in  terms  of  metrical  measures — 

V  =  central  velocity. 

V  =  the  velocity  anywhere  at  a  distance  =  r  from  the 

centre. 
E  =  the  radius  of  the  pipe. 
S   =  the  loss  of  head  or  slope  per  running  metre. 
This  equation  in  another  form  becomes — 

V  -  y  =  ^rVs. 

This  formula  was  deduced  by  d'Arcy  from  observations 
taken  at  from  one-third  to  two-thirds  of  the  radii  of  various 
pipes  from  the  centre ;  beyond  f  of  the  radius,  it  is  pro- 
bable that  the  law  does  not  hold  good,  and  that  the 
decrement  of  velocity  should  be  more  rapid  than  that 
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indicated  by  the  formula.  Under  any  circamstances, 
however,  it  is  clearly  established  that  the  velocities  in  a 
full  cylindrical  pipe,  are  equal  at  all  points  equidistant 
from  the  centre,  and  that  the  above  law  of  decrement 
Tiolds  good  for  the  central  f  of  the  diameter  taken  in  any 
direction.  In  a  pipe  of  rectangular  section,  the  velocities 
are  equal  at  any  four  points,  taken  symmetrically  with 
reference  to  the  centre  of  figure. 

In  open  channels,  however,  this  almost  mathematical 
accuracy  is  entirely  absent,  and  the  perturbations  produced 
near  the  surface  of  the  water  does  not  allow  us  to  hope 
that  any  formula  can  be  arrived  at,  which  would  give  the 
actual  velocity  at  any  point  in  terms  of  the  mean  velocity 
and  the  co-ordinates  determining  the  position  of  that 
point.  These  perturbations  appear  to  be  more  consider- 
able in  proportion  to  the  diminution  of  velocity,  and  the 
increase  of  depth  of  channel,  and  are  coincident  with  a 
depression  of  the  locus  of  maximum  velocity;  in  the 
extreme  cases,  the  curves  of  equal  velocity  in  the  section 
cut  the  surface  of  the  water  very  obliquely. 

The  following  are  the  conclusions  drawn  by  Bazin  on 
this  subject : — 

1st.  For  a  very  wide  rectangular  channel — 

n/hs        \^y' 

where  V  =  central  velocity  at  the  surface. 

v  =  velocity  at  a  point  at  a  depth  h  below  it. 
H  =  total  depth  of  water. 
S  =  hydraulic  slope  of  the  water  surface. 

The  above  law  of  velocity  is  proved  to  hold  good  for  very 
wide  channels ;  the  cases  under  experiment  give  a  practi- 
cally constant  value  of  K  =  20*0,  the  extremes  varying 
between  15*2  and  24*9; — it  would  also  appear  that  for  a 
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rectangular  canal  of  infinite  width,  in  which  the  influence 
of  the  sides  was  entirely  made  to  disappear,  K  would 
=  24-0. 

When>  however,  the  depth  of  a  rectangular  channel  is 
great  enough,  in  proportion  to  the  hreadth,  to  make  the 
influence  of  the  lateral  walls  show  itself  in  the  middle  of 
the  current,  this  law  does  not  hold,  nor  does  any  law  of 
decrement  of  velocity  seem  possible,  and  mere  generali- 
sations, in  terms  of-  the  mean  velocity,  can  alone  be 
arrived  at. 

If,  then  U  =  the  mean  velocity  in  a  canal,  the  section 
of  which  is  very  great  in  proportion  to  its  depth — 

U=^/I[v-K(h)'v/E-s] 

and  the  depth  h  below  the  surface  is  determined  by  the 

expression  (^r)    =  i;  whence  A  z=  0-577  H,  which  is,  in 

£act,  saying  that  the  mean  velocity  is  found  at  about  f  of 
the  total  depth.  This,  however,  assumes  the  before-men- 
tioned parabolic  law  of  the  decrease  of  velocity  in  each 
vertical  plane,  a  hypothesis  only  admissible  in  a  very  large 
and  perfectly  regular  canal. 

In  fact,  however,  and  from  experiments  quoted,  it 
appears  that  the  locus  of  mean  velocity  is  often  below 
\  of  the  depth,  and  more  often  below  f  of  it ;  and  that 
when  the  depth  of  the  canal  is  great,  and  the  velocity 
feeble,  the  curve  of  mean  velocity  approaches  still  nearer 
the  bottom,  and  goes  as  low  as  f  of  the  depth.  

Taking  the  above  relation  TJ  ==  V—  g"  \/K S,  where  — 
=  \/5,  and  K  =  240,  for  a  channel  of  infinite  width ;  in 
this  case  also  we  get  ^-y  =s  1  +8  v  A,  as  a  result  applic* 
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able  to  this  special  case,  which  supposes  the  parabolic 
law  applicable  throughout  the  whole  breadth  of  the 
channel ;    and   this   differs   greatly    from   the   results   of 

V  - 

experiment  on  channels,  which  gives  |y  =  1  +  1 4  ^Z A. 

The  locus  of  maximum  velocity  is,  however,  not  always 
at  the  centre  of  the  surface,  but  is  at  a  greater  depth  in 
proportion  as  the  depth  of  the  canal  is  greater  and  the 
mean  velocity  is  less,  being  sometimes  as  low  as  f  the 
total  depth. 

The  determination  of  bottom  velocity  can,  in  rectan- 
gular canals,  be  alone  made  in  the  special  case  of  one 
supposed  to  be  of  infinite  breadth  :  for  this  case,  putting 
^  =  H  in  the  original  formula,   we  obtain   the  velocity 

tt?  =  V  —  K  \/ll^ ;  but  in  all  other  cases  no  law  can  be 
given.  The  greatest  of  bottom  velocities  is  in  the  middle 
and  the  least  at  the  sides. 

The  velocity  along  the  vertical  sides  of  a  rectangular 
canal,  is  generally  greater  in  the  middle  than  at  the  top 
or  at  the  bottom  ;  but  beyond  this  fact,  the  determination 
of  the  exact  velocity  at  any  point  of  the  side  remains  a 
very  difl&cult  problem  yet  unsolved. 

The  laws  of  velocity  in  canals  of  semicircular  Section  are 
far  less  complicated  than  those  of  rectangular  section  : — 
the  law  of  decrement  of  velocity  is  expressed  in  the 
following  formula  : — 


V  - 


the  extreme  values  of  the  coefl&cient  deduced  from  experi- 
ment being  18*2  and  23*2  •  and  the  terms  of  the  expres- 
sion being  similar  to  those  in  the  equation  for  decrement 
of  velocit}'-   in    sections  of   pipes    before    mentioned: — 
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If  in  this  we  make  r  =  E,  we  obtain  as  for  rectangular 
ehannels,  the  bottom  velocity,  w  ?=  V  -^  21  n/BS. 
And  the  mean  velocity  will  be  deduced  thus  : — 

^  =  i/>'  [V-Kv^BS(£y]2.r../r 

=  V  -  |K  v/liS;  where  ^^  =  ^2A; 

V  

hence  :jj  =  1  +  f  Kv/2A;  where  K  =  21 

=  1  +  11*9  v^A:  an  equation  diflfering  but 

littie  from  that  deduced  from  experiment  on  semicircular 
canals. 

The  radius  r^,  of  the  circle  of  mean  velocity  of  the 
section  =B.  V  f  =  0'737  E  ; — which  is  saying  that  this 
is  at  about  three-quarters  of  the  radius  from  the  centre, 
whereas  in  fact  it  is  farther. 

Taking  finally  the  two  expressions  for  decrement  of 
velocity  in  canals  of  rectangular  and  semicircular  section, 

^  =  K(|/and^=K(^/ 
a  general  expression  may  be  deduced  from  them, 


and  as  under  these  circumstances  absolute  velocities  cannot 

be  dealt  with,  it  is  better  to  make  use  of  relative  velocities, 

and  by  dividing  each  side  of  the  general  equation  by  U  to 

transform  it  into  the  form 

Y  —  V  — 

— yr—  z=  0  \/A  ;  which  is  therefore  true  for  all  canals 

where  ^  is  a  function  of  the  relative  (not  of  absolute) 
co-ordinates  determining  the  position  T)f  the  point  whose 
velocity  is  under  consideration,  their  values  being  taken 
in  proportion  to  the  dimensions  of  the  section. 

With   regard  to  velocities  in   natural    and    artificial 

4* 
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channels  generally,  by  far  the  most  important  result 
arrived  at  by  d'Arcy  and  Bazin,  is  the  relation  between 
the  maximum  velocity  and  the  mean  velocity  of  discharge, 
represented  by  this  equation,  suitable  to  metres : 

-g  =  1  + 14 v/A;    and  since  A  =  ^;  V- TJ  =  14v/ES; 

these   equations    reduced    to   English   measures   become 

^  =  1  +  ^  '^  ['qq ;  and  V-  U  =  25-34  v/BS. 

The  advantage  derived  from  the  application  of  this  law 
in  gauging  is  probably  greater  than  that  of  any  other 
velocity  discovery  of  modem  times. 

Velocities  in  Natural  Channels. 

The  laws  of  variation  of  velocity  in  horizontal  planes, 
with  reference  to  different  forms  of  section  have  not  yet 
been  satisfactorily  deduced,  such  velocities  have  therefore 
to  be  determined  locally  when'  required ;  the  horizontal 
curves  of  velocity  again  vary  much  in  different  stages  of 
the  river  or  stream  under  consideration ;  the  records  there- 
fore of  such  velocities  involve  much  labour,  and  have  not 
yet  shown  themselves  of  sufficient  practical  importance 
to  repay  the  labour  and  trouble  of  their  observation. 
The  laws  of  variation  of  velocity  in  vertical  planes  have 
been  most  fully  investigated  by  Captains  Humphreys  and 
Abbot  on  the  great  Mississippi  Survey. 

It  was  previously  generally  believed  that  the  maximum 
velocity  of  any  river  or  channel  was  that  on  the  surface 
in  the  middle ;  that  the  mean  velocity  varied  between 
•7  to  '95  of  the  maximum  velocity,  in  natural  channels, 
and  was  generally  '8  for  rectangular  sections ;  and  that 
the  bottom  velocity  equalled  twice  the  mean  velocity  less 
the  maximum  velocity,  or  '6  of  the  maximum  velocity  for 
rectangular  sections.      There  were  also  numerous  other 
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eqaations  of  relation  between  these  quantities  given  by 
various  theorists,  none  of  them  probably  more  correct 
than  the  above* 

There  is  every  reason  to  believe  that  this  subject,  difficult 
in  itself,  has  been  rendered  more  difficult  to  manage  from 
the  falsification  of  results  by  using  many  different  com- 
plicated instruments,  possessing  inherent  errors,  and  not 
admitting  of  a  just  comparison  ;  the  Mississippi  observa- 
tions being  conducted  on  a  very  large  scale,  and  in  the 
simplest  manner  possible,  have  brought  forth  very  impor- 
tant results.  From  their  experimental  data  it  has  been 
deduced  that  the  velocities  at  different  depths  below  the 
surface  in  a  vertical  plane,  vary  as  the  abscissas  of  a 
parabola,  whose  axis  is  parallel  to  the  water-surface,  and 
may  be  considerably  below  it,  thus  proving  the  maximum 
velocity  to  be  generally  below  the  surface ;  the  equation 
of  this  curve  with  reference  to  its  axis,  taking  the  depths, 
relatively  to  the  total  depth,  as  ordinates,  was  obtained 
in  the  form — 

^  =  1-2621  D'cP 

where  D  =  total  depth  of  bed  below  the  surface,  and 
X  and  y  are  the  co-ordinates  to  the  axis. 

They  also  deduced  that  if  d  is  the  depth  of  the  axis  of 
the  parabola,  or  locus  of  maximum  velocity  from  the  sur- 
face, then 

c/j  =  (-317  +    06/)  E 

where  E  =  hydraulic  mean  radius,  and/  =  force  of  wind 
taken,  positive  or  negative,  and  taken  =  1  when  the 
velocity  of  the  wind  and  current  are  equal,  and  =  0  for  a 
cross  wind  or  calm. 

The  ^  following  are  other  important  equations,  with 
regard  to  velocity  in  vertical  planes,  that  they  deduced, 
which  though  they  are  not  so  useful  practically  as  might 
be  wished,  are  inserted  here  for  reference. 
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(For  symbols  refer  to  the  notation  given  in  the  para- 
gprapb  on  that  subject.) 

Formulae  for  velocity  in  any  vertical  plane  : 

1*69 

(1)  b     =  .  jy pg-.  i  =  -1856  only  when  D  7  30  feet. 

(2)  d^    =  ( -317  X  -06/)  D  very  nearly. 

(3)  V    =Yd,-  (M*(^^'  )* 

(4)  V.  =V(/,-  (^)»(g)* 

(5)  Vb  =  V^,  -  (*»)*  (l  -^) 

(6)  V„  =  I  V(/,  +  i  Vb  +  ^  (i  V.  -  i  Vp) 

(8)  V„=V„  +  (^«»*(i+^'^V^^) 


(9) 


Y=y.  MM^(^^^^-V^^^--^) 


in  which  equation  (9)  is  a  mere  combination  of  equations 
(3)  and  (8). 

For  velocity  in  the  mean  of  all  vertical  planes   the 
following  formulae  have  been  deduced : 

m     h  1-69 

^^^      *   =  (r  +  l-6)». 

(2)  </,  =  (-317  +   06/)  r. 

(3)  U„  =  •93p. 

(4)  U    =-93t;  +  (^l^M+;Mz:^--06/+-016)(*y)*. 

(6)  U.    =  -OSt;  +  (-016  -  -06/)  (3t>)». 

(6)  U,   =  •93y  (06/-  -35)  {bv)K 

(7)  Urf,  =  -OSt;  +  {[-817  +  06/]*-  -06/+  -016}  (dp)*. 

(8)  t;  =  /[1-08  U,  +  -002^]*  -  •045d*x*. 

The  most  important  result  of  all  these  data  and  deduc- 
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tions  is  the  following,  a  fact  of  great  practical  use  in 
ganging  rivers,  that  the  ratio  of  the  mid-depth  to  the 
mean  velocity  in  any  vertical  plane  is  independent  of  the 
width  and  depth  of  the  stream  (except  for  an  almost 
inappreciably  small  effect)  absolutely  independent  of  the 
depth  of  the  axis  of  the  curve  before  referred  to,  and 
nearly  independent  of  the  mean  velocity  The  formula 
ejq)ressing  this  is 

(7)  Vp  =  V,.  +  (M,  where 

V^  is  the  mean  velocity  on  any  curve  in  the  vertical 
plane. 

Vg  is  the  mid-depth  velocity. 

V  is  the  mean  velocity  of  the  river. 
D  is  the  depth  of  the  river  at  the  spot. 

*  =  /T^       1  e:u>  which  when  D  7  30  ft.  =  -1856. 
(D  -f  1'5/ 

The  application  of  this  result  to  gauging  is  shown  in 
Chapter  II.  on  Field  Operations. 


9.  BENDS  AND  OBSTRUCTIONS. 

The  irregularities  of  a  river  materially  affect  its  velocity ; 
the  following  remarks  on  this  subject,  by  Captains  Hum- 
phreys and  Abbot,  are  instructive  on  this  point. 

"Even  on  a  perfectly  calm  day,  there  is  a  strong 
"  resistance  to  the  motion  of  the  water  at  the  surface, 
"  independent  of,  and  not  mainly  caused  by  the  friction 
"  of  the  air;  the  principal  cause  being  a  loss  of  force, 
"  arising  from  the  upward  currents  or  transmitted  motion 
"  caused  by  the  irregularities  at  the  bottom.  There  is 
*'  also  an  almost  constant  change  of  velocity  at  various 
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"  depths,  resulting  from  the  wind  in  a  great  measure ; 
"  and  eddies  changing  their  position  and  magnitude, 
"  cause  variations  ip  the  velocity  of  the  river  at  a  given 
"  point,  and  these  again  are  influenced  in  intensity  by 
•'  the  wind/' 

Such  irregularities  are  of  course  beyond  calculation : 
others  again  may,  in  some  instances,  have  their  results 
approximated  to,  and  allowances  made  for  them,  by  con- 
sidering a  certain  portion  of  the  head  on  the  stream  as 
neutralized  by  them ;  and  these  are  known  as  bends  or 
obstructions  whose  effects  are  within  the  range  of  calcu- 
lation. Generally  the  disturbing  effects  of  lateral  bends 
and  curves,  and  of  shoals  and  obstructions,  constituting 
vertical  bends,  as  well  as  alterations  of  section,  cannot  be 
calculated  with  any  practical  accuracy.  It  is,  therefore, 
best  entirely  to  *  avoid  such  difficulties ;  Jbut  when  this 
cannot  be  done,  the  following  formulae  may  be  used  in 
preference  to  neglecting  to  make  any  allowance  at  all. 

The  general  formula  for  loss  of  head,  ^,  due  to  bends  in 
rivers,  canals,  or  pipes,  is — 

7        m.  n.  StVa.  V* 

^''  = v^l — 

where  mis,  an   experimental   coefficient,  generally   taken 

=  -5184; 
n  =  the  number  of  bends  for  which  allowance  is  to  be 

made ; 
Sina  =  the  sine  of  the  angle  of  one  bend,  which  should 

not  exceed  90** ; 
//  and  E  are  in  feet,  and  V  is  in  feet  per  second. 

A  more  modem  formula  suited  to  rivers,  is  that  adopted 
by  the  Mississippi  Survey,  it  is — 

__  V*  8in*a 

where  a  :=  angle  of  incidence  of  the  water  in  passing 
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roniid  the  bend ; — it  is,  however,  always  assumed  that  each 
angle  is  one  of  30^  and  the  effect  is  estimated  as  due  to  the 
number  n  of  such  bends  or  deflections  of  S(f ;  and  this 
enables  the  formula  to  be  put  into  the  simpler  form — 

L  =  —  =  »  V*  X  (T-001865. 
'        536 

The  values  of  this  formula,  for  various  velocities-  and  bends, 
are  given  in  Part  2,  of  Table  X.,  page  li.,  and  an  explana- 
tory example  at  page  lii. 

A  formula  more  suited  to  bends  of  pipes,  is  that  of 
Weisbach ;  it  is  for  cylindrical  pipes — 

and  for  rectangular  tubes — 

A,  =  -f-,Txi  -124  +  3-104  (^)H 
'      180'  2y      \  V2R/    3 

but  as  the  bends  of  pipes,  known  as  quarter  bends,  are 
generaUj  taken  as  90° ;  the  factor — 

W^^  become.  =  ,  JJ.,  =  007764. 

In  this  formula  r  and  E  are  the  radii  of  the  pipe  and  of 
the  bend,  and  the  other  terms  are  as  before.  The  loss  of 
head  due  to  bends  in  pipes  is,  however,  generally  required 
as  corresponding,  not  to  mean  velocities  of  discharge,  but 
to  the  discharges  themselves.  The  values  given  by  this 
formula.have,  therefore,  been  tabulated  in  this  form,  and 
are  given  in  Part  1,  of  Table  X.,  page  1. ;  an  explanatory 
example  is  also  attached. 

The  ordinary  formula  for  calculating  the  rise  in  feet 
resulting  from  an  obstruction  in  the  section  of  a  river 
channel,  is  that  of  Dubuat ;  it  is — 
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where  A,  a,  are  the  normal  and  the  reduced  sectional 

areas, 
S  is  th^  sine  of  the  hydraulic  slope  of  the  river, 
and  m  is  the  experimental  coefficient. 

Now,  as  in  most  cases,  S  is  less  than  '001,  that  term 
may  be  neglected,  and  taking  m  =  '96,  nf  =  '92,  and  the 
formula  becomes — 


//,,  ±=  00169  V* 


{(!)■-'} 


Tlie  values  of  this  are  given  in  Part  3,  of  Table  X., 
page  li.,  and  an  explanatory  example  on  page  lii. 


10.  DISCHARGE   FROM  ORIFICES  AND   OVERFALLS. 

The  discharge  from  orifices  and  overfalls,  which  to  the 
hydraulic  engineer  generally  resolve  themselves  into 
sluices  and  weirs,  is  a  subject  that  was  fully  entered  into 
by  hydraulicians  of  past  times,  and  to  which  very  little 
information  has  been  added  by  recent  experimentalists. 
Nor  is  it  by  any  means  likely  that  further  contributions 
will  be  soon  made  to  this  branch  of  hydraulic  science,  as 
there  have  recently  been  to  that  of  the  discharges  of  open 
channels ;  the  practical  interest  attaching  itself  to  the 
exact  determination  of  discharge  of  a  sluice  or  a  weir,  not 
being  in  excess  of  the  amount  of  exactitude  already 
attained.  All  accepted  information  on  this  subject  being 
to  be  found,  with  but  little  variation,  in  the  older  books, 
the  author  has  had  little  choice  left  to  him,  and  has 
therefore  taken  the  following  notes  almost  entirely  from 
Bennett's  translation  of  d'Aubuisson's  hydraulics. 

Setting   aside    the   experiments   of  the   more   ancient 
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philosophers,  and  assuming  that  the  discharge  from  any 
orifice  is 


Q  =1  AY  =i  A.m  ^/2jfH 
where  H  =  the  head  of  pressure  of  the  orifice, 

m  =  the   coefficient    of    reduction    obtained    by 
experiment, 

V  =  the  mean  velocity  of  discharge, 
and  the  pressure  being  supposed  to  be  kept  perfectly  con- 
stant, the  first  of  the  more  modern  hydraulicians  to  obtain 
experimental  values  of  m,  on  a  scale  larger  than  the 
previous  very  petty  experiments,  was  Michelotti.  His 
experiments  conducted  at  Turin  in  1767,  under  heads  of 
pressure  up  to  22  feet,  determined  coefficients  of  reduction 
varying  from  0*615  to  0*619,  for  circular  orifices,  up  to 
6^  inches  in  diameter,  and  coefficients  varying  from  0*602 
to  0*619  for  square  orifices,  up  to  3  inches  in  length  of 
side.  The  next  important  experiments  did  not  so  much 
include  increase  of  head  as  increased  dimension  of  opening. 
Messrs.  Lespinasse  and  Pin,  Engineers  of  the  Languedoc 
Canal,  1782  to  1792,  made  experiments  on  rectangular 
openings,  or  sluices  4*265  feet  broad,  and  having  heights 
varying  from  1*575  to  1*805  feet,  under  heads  on  their 
centres  of,  from  6*2  to  14*5  feet;  the  coefficients  deduced 
varied  from  '594  to  '647,  the  mean  being  0*625 ;  they 
also  observed  that  the  discharge  from  two  sluices  opened 
at  one  time  side  by  side,  was  not  double  that  from  one 
sluice.  The  next  important  experiments  were  those  of 
Poncelet  and  Lesbros,  at  Metz,  in  lb26  ;  they  deduced  a 
law  for  the  determination  of  coefficient  of  discharge  of 
rectangular  orifices  under  various  proportions  of  head  of 
pressure  and  depth  of  opening  to  width ;  these  coefficients 
reduced  by  Eankine  are  given  in  a  tabular  form  in  Part  4 
of  Table  XII.,  at  page  Ixxxii.  of  the  working  tables.  The 
next  important  experiments  recorded  were  those  conducted 
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by  M.  George  Bidone,  at  Turin,  in  1836,  on  orifices  on 
parts  of  which  the  contraction  was  suppressed,  the  extreme 
of  suppression  being  a  case  in  which  the  whole  of  the 
contraction  was  suppressed  by  fitting  an  interior  short 
tube  to  the  mouth  of  the  orifice :  his  resulting  formula  of 
discharge  was  for  rectangular  orifices — 


Q  =z  i»A  >/2yH(l+  0152 -) 
and  for  circular  orifices, 


Q  =  ^;i  A  v/2yH  (1  +  0-128  J) 

where  n  is  the  portion  of  the  perimeter  p,  whose  contrac- 
tion is  suppressed. 

About  this  time  also  some  further  experiments  were 
made  by  Castel  and  d'Aubuisson ;  and  some  by  Borda  on 
orifices  in  sides  not  plane. 

The  results  of  all  these  experiments  show  that  the 
extreme  limits  of  the  value  of  m,  are  0*50  and  1*00  for 
orifices  in  all  sorts  of  sides,  and  under  all  conditions,  and 
are  0*60  and  0*70  for  orifices  in  plane  sides  :  also  that  the 
general  mean  value  of  m  for  orifices  in  a  thin  plate  is  062  ; 
this,  however,  is  perhaps  more  true  for  small  circular  orifices 
than  for  any  other  class  of  them.      In  this  case  therefore 

V  =  0-62  X  8-025  v/H  =  4*975  y^H, 

and  for  rectangular  orifices  of  a  similar  class,  the  values 
of  «i,  ranging  from  0*572  to  0*709  given  at  page  Ixxxii., 
must  be  applied  to  the  general  formula 


V  =  »i  X  >/2yH 

in  order  to  determine  the  mean  velocity  of  discharge, 
which  when  multiplied  by  the  sectional  area  gives  the 
quantity  discharged  per  second. 

In  the  special  case  in  which  the  reservoir  of  supply, 
still  being  kept  at  a  constant  level,  is  seriously  affected  by 
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the  Velocity  of  the  water  supplying  it,  the  discharge  of 
the  orifice  will  be  augmented  on  this  account,  and  then 


where  W  =  the  initial  velocity  of  entrance. 

For  the  special  cases  in  which  an  open  canal  is  attached 
to  the  orifice  at  its  exit^  in  such  a  manner  that  the  sides 
and  bottom  of  the  canal  are  continuations  of  those  of  the 
orifice,  the  coefficient  of  contraction  remains  the  same, 
except  when  the  head  on  the  orifice  is  less  than  2^  times 
the  height  of  the  orifice  :  in  this  latter  case  the  coefficient 
may  have  to  be  materially  reduced.  An  extreme  case 
giL  by  Poncelet  and  Lesbros,  being  one  of  a  discharge 
through  an  orifice  0'164  feet  high,  under  a  head  of  0'118, 
gave  a  value  of  m  =:  0  452,  while  without  an  attached 
channel  the  value  of  m  was  =  0*612  :  further,  when  the 
level  of  the  attached  channel  was  exactly  at  the  same 
level  as  the  floor  of  the  reservoir  of  supply,  the  value  of  m 
was  reduced  to  0*443.  The  law  of  reduction  of  coefficient 
necessary  for  these  cases  is  not  yet  given  in  a  definite  ibrm. 

The  inclination  of  the  attached  channel,  when  less  than 
one  in  100  did  not  affect  the  coefficient  in  any  way,  but 
when  increased  to  one  in  10,  had  the  efiect  of  increasing 
the  coefficient  from  3  to  4  per  cent. 

The  above  includes  all  the  general  deductions  about 
orifices  that  are  likely  to  be  of  any  use  to  the  engineer ; 
a  more  practical  collection  of  coefficients  of  discharge  for 
orifices  is  given  in  Part  4  of  Table  XII.,  at  pages  Ixxxi. 
and  Ixxxii. ;  and  the  value  of  the  expression 

Y  zzm  \/2yH 

is  given,  for  various  heads,  and  for  all  the  values  of  m  that 
are  commonly  used  in  Table  IX.,  pages  xxxvii.  to  xlviii. ; 
some  explanatory  examples  also  follow  that  table. 
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It  may  be  observed,  however,  that  although  the  minutiaB 
of  discharges  under  certain  experimental  conditions  have 
been  sedulously  preserved,  there  is  yet  considerable  doubt 
what  coefficient  should  be  used  for  the  larger  sluices  or 
openings  that  occur  in  practice.  It  is  no  doubt  unfortu- 
nate that  experimentalists  should  diflfer,  but  at  the  same 
time  the  circumstances  under  which  the  amount  of  dis- 
charge from  a  sluice  is  an  important  consideration  only 
occur  generally  to  those  who  are  capable,  and  have  the 
opportunity  of  determining  it  accurately  by  experiment 
themselves. 

The  ordinary  coefficient  for  a  sluice  of  moderate  size,  for 
small  lock  or  dock-gates,  or  mill-gates,  is  generally  taken 
at  0*62  :  that  for  a  narrow  bridge-opening,  which  may  be 
considered  as  a  large  sluice,  at  082 ;  and  that  for  very 
large  well-built  sluices,  large  wide  openings  out  of  reser- 
voirs continuing  at  a  level  with  the  bottom  of  the  reser- 
voir, and  large  bridge-openings  of  the  modern  type,  at 
0-92. 

The  term  H,  representing  the  effective  head  of  pressure, 
is  differently  estimated  in  various  cases  :  in  ordinary  cases 
of  sluices,  supplied  from  a  reservoir  above  them,  the  head 
is  the  difference  of  level  between  the  surface  of  the  water 
in  the  reservoir  and  the  centre  of  figure  of  the  sluice ;  but 
when  the  sluice  is  drowned,  that  is,  has  a  perceptible  depth 
of  water  standing  below  its  exit,  but  above  the  sluice  itself, 
the  head  is  the  difference  of  level  of  the  water  above  and 
of  that  below  it ;  in  bridge-openings  also,  the  head  is  the 
difference  of  water  level  above  and  below  the  bridge. 

The  most  recent  experimental  determination  of  coeffi- 
cients of  discharge  for  head-sluices  supplying  small  channels 
is  tliat  of  d'Arcy  and  Bazin ;  the  results  of  these  opera- 
tions will  be  given  with  the  account  of  the  mode  of  gaug- 
ing adopted  by  them  in  Chapter  II. 
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Orijcfs  with  mouthpieces  attached  were  even  in  the  time 
of  the  Bomans  known  to  have  a  greater  discharge  than 
^thont  them.  In  order  to  eflTect  this  increase  it  is,  how- 
ever, necessary  that  the  length  of  the  attached  or  addi- 
tional tube  should  be  twice  or  three  times  the  diameter  of 
the  orifice,  otherwise  the  floid  vein  does  not  entirely  fill 
the  month  of  the  passage.  The  experiments  of  Michelotti 
and  Castel  determined  a  mean  coefficient  of  discharge  for 
cylindrical  mouthpieces  of  082,  the  extremes  being  0*803 
and  0'S30 ;  the  singular  effects  produced  under  some  cir- 
eomstances  by  the  application  of  cylindrical  mouthpieces 
are  more  curious  than  usefiiL  Conical  converging  mouth- 
pieces increase  the  discharge  more  highly :  the  experiments 
on  them  of  Castel,  engineer  of  the  waterworks  of  Tou- 
louse, are  exceedingly  interesting ;  they  demonstrated  that 
under  varied  heads  the  coefficients  of  discharge  and  of 
velocity  were  practically  constant  for  the  same  mouth- 
piece, and  that  for  the  same  orifice  of  exit  the  coefficient 
of  discharge  increased  from  0*83  for  a  cylindrical  mouth- 
piece in  proportion  to  the  increase  of  the  angle  of  conver- 
gence of  the  mouthpiece  employed  up  to  0*95  for  an  angle 
of  13^**;  and  that  beyond  this  angle  the  coefficient  of  dis- 
charge diminishes  to  0*93  for  20**,  and  afterwards  decreases 
more  rapidly.  The  length  of  mouthpiece  employed  in 
these  cases  as  well  as  in  the  former  was  2^  times  the 
diameter  of  the  orifice.  Some  experiments  by  Lespinasse 
on  the  canal  of  Languedoc  showed  the  enormous  increase 
of  discharge  effected  by  using  converging  mouthpieces : 
his  mouthpieces  were  truncated  rectangular  pyramids  9*59 
feet  long,  the  dimensions  at  one  end  2*4  x  3*2  feet,  at 
the  other  '44  x  '62  feet,  and  were  used  in  mills  to  throw 
the  water  on  to  water  wheels ;  their  opposite  faces  were 
inclined  at  angles  of  11**  38'  and  1 5*  1 8',  and  the  head  em- 
ployed was  9*59  feet;  the  experiments  resulted  in  det^r- 


64 

mining  a  coefficient  of  discharge  varying  from  0'976  to 

0-987. 

Conical  diverging  and  trumpet-shaped  mouthpieces  still 
further  increase  the  discharge  from  an  orifice :  the  experi- 
ments of  Bemouilli,  Venturi,  and  Eytelwein  have  thrown 
much  light  on  this  subject,  and  showed  the  coefficient  to 
lie  between  0*91  and  1*35.  Venturi  concluded  that  the 
mouthpiece  of  maximum  discharge  should  have  a  length 
nine  times  the  diameter  of  the  smaller  base,  and  a  flare  of 
5*  6',  and  that  it  would,  if  properly  proportioned  to  the 
head  of  pressure,  give  a  discharge  I '46  times  the  theoretic 
unreduced  discharge  through  an  orifice  in  a  thin  side. 

« 

Overfalls  and  Weirs. 

An  overfall  may  be  considered  to  be  a  wide  rectangular 
orifice  in  an  ultimate  position,  where  the  head  on  the 
upper  edge  is  zero ;  and  its  discharge  may  be  therefore 
computed  in  the  same  manner  as  that  of  an  orifice. 

The  discharge  of  an  orifice  is  according  to  the  parabolic 
theory — 

Q  =  f»  X  I  yyy  X  to(K^K-  A  v/T) 

where  A  and  H  are  the  heads  on  the  top  and  bottom  edge, 
and  d  and  lo  are  the  depth  and  width  of  the  orifice ;  if 
then  H  =  mean  head  on  the  centre  of  the  orifice,  and  the 
orifice  becomes  an  overfall,  this  formula  becomes 

developing  this,  and  putting  wd  =  A,  the  sectional  area, 
Q  =  «A|x/^H(l-gg,-) 

and  as  rf  is  comparatively  small,  the  last  term  is  =  O,  hencQ 

Q  =  »»  A  I  y/'^W;  and  V  zzm^  y^^^fW 
where  H  is  the  head  on  the  sill  of  the  overfall. 
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The  value  of  the  coefficient,  m^  varies  according  to  the 
form  of  overfall.  It  was  determined  by  M.  Castel,  at 
Toulouse,  by  a  large  series  of  experiments :  and  also  by 
Francis,  in  the  Lowell  experiments  referred  to  in  Chapter 
II.,  on  Gauging. 

The  experiments  of  M.  Castel  showed  that,  for  the 
accurate  employment  of  a  general  coefficient  of  discharge, 
the  dimensions  and  conditions  of  an  overfall  should  fall 
within  one  of  the  three  following  classes. 

Ist.  When  the  length  of  the  overfall  sill  extends  to 
the  entire  breadth  of  the  channel,  and  the  head  on  the  sill 
is  less  than  one-third  the  height  of  the  dam  or  barrier,  the 
coefficients  remain  remarkably  constant,  varying  only  from 
0*664  to  0*666.  Hence  generally  for  this  case,  m  zz  0*606. 
2nd.  When  the  length  of  the  overfall  sill  is  less  than 
the  entire  breadth  of  the  channel  of  supplj^  but  is  greater 
than  a  quarter  its  breadth,  the  coefficient  lies  between 
the  two  extremes  of  0*666  and  0*598,  and  is  strictly  de- 
pendent on  the  ratio  of  the  length  of  sill  to  breadth  of 
channel ; — ^hence  it  is  for  the  following  relative  breadths  : 

Relative  breadth.       Coefficieut  I    Felative  bread ih.        Coefficient. 


100 

0-666 

•50 

0-613 

•90 

0-658 

•40 

0-609 

•80 

0647 

•30 

0  600 

•70 

0-635 

•25 

0-598 

•60 

0-624 

3rd.  If  the  length  of  the  overfall  sill  is  equal,  or  even 
only  nearly  equal,  to  one-third  the  breadth  of  the  channel, 
the  coefficient  remains  very  constant,  varying  only  between 
0*59  and  0*61.  Hence  generally  for  this  case,  which  is  par- 
ticularly favourable  for  gauging  small  streams,  m  =  0*60. 

In  other  cases,  that  is,  when  the  length  of  the  sill  is 
less  than  a  quarter  the  breadth  of  the  channel  of  supply, 


66 

the  coefficient  depends  on  the  absolute  length  of  sill,  and 
requires  determining  specially :  it  increases  from  0*61  to 
0*07  in  direct  proportiou  to  the  diminution  of  absolute 
length  of  sill. 

With  reference  to  the  three  cases  suitable  for  practical 
purposes,  the  experiments  of  M.  Castel  showed  that  when 
the  sectional  area  of  the  overfall  was  less  than  one-fifth  of 
that  of  the  normal  section  of  the  channel  of  supply,  the 
effect  of  velocity  of  approach  in  the  channel  did  not 
modify  the  value  of  the  coefficient :  for  other  conditions, 
the  modification  necessary  was  not  determined  in  a  very 
satisfactory  form : — ^the  new  equation  for  mean  velocity 
of  discharge  being  changed  from 

V  =  ;;^  I  ^'2^0. 


into  V  =  ;/;  |  v/2^(H  +    035  W'f 

where  W  =  the  surface  velocity  of  approach,  not  deter- 
mined from  observation,  but  from  its  assumed  ratio  to  the 
mean  velocity,  perhaps  therefore  the  modification  of  the 
coefficient,  m,  by  other  authors  into  a  new  coefficient 


m 


.  =  »{(>-flf-(H)*} 


where  //  is  the  head  due  to  the  velocity  of  approach,  and 
H  is  the  head  on  the  weir  sill,  is  a  preferable  arrangement. 

For  the  special  cases  in  which  channels  are  attached  in 
continuation  of  the  sides  of  the  overfall,  the  coefficients 
in  the  experiments  of  Poncelet  and  Lesbros  were  reduced 
by  1 8  to  33  per  cent.  If,  however,  the  fall  to  the  channel 
is  more  than  3  feet,  no  reduction  is  generally  made  in  the 
coefficients. 

It  may  be  noticed  that  the  head  on  the  sill  used  in  the 
above  expression  is  that  in  the  centre  of  the  overfall,  which  is 
independent  of  the  rising  of  the  water  at  the  wings,  a  pheno- 
menon to  be  observed  in  almost  all  cases  of  weir  discharges. 
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In  all  the  above  cases,  it  is  supposed  that  thin  edges,  as 
of  metal  sheets,  or  one-inch  waste-boards,  are  used ;  for 
broad  or  round  lopped  crests,  the  coefficients  will  require 
reduction.  See  the  coefficients  given  in  Part  5,  of 
Table  XII.,  page  Ixxxiii. 

Obstructed  Overfalls. — When  obstacles  occur  on  the  sill 
of  an  overfall,  as  dwarf  pillars  or  blocks,  a  deduction  in 
the  discharge  over  the  sill  is  made  not  only  on  account  of 
the  reduction  of  section,  but  on  account  of  the  contrac- 
tions resulting.  Francis's  formula  is  applicable  to  these 
circumstances  in  cases  where  the  length  of  weir  sill  equals 
or  exceeds  the  head  ; — ^it  is 

Q  =  |;;iv^'^(/— 0-1  «H)Hf 

where  n  =  the  number  of  end  contractions, 

=  2'  when  there  is  no  central  obstruction, 
/  =  length  of  weir  sill, 
/  H  =  A  the  sectional  area  of  discharge, 
and  i«  =  0-6228. 

In  case  the  weir  sill  has  the  same  breadth  as  the 
channel  of  supply,  ;i  =  0 ;  and  in  that  case 

Q  =  3-332  /ni 
This,  it  will  be  observed,  varies  from  that  of  Castel,  which, 

under  the  same  conditions,  gives  Q  =  3*557  /H^" 

Partiy  Drowned  Overfalls. — When  a  weir  has  its  tail 
water  above  the  edge  of  the  sill,  it  may  be  treated  as  a 
combination  of  an  overfall  with  an  orifice;  the  upper  portion 
down  to  the  level  of  the  lower  water  as  an  overfall,  and  the 
lower  portion  from  that  down  to  the  sill  level  as  a  rectangular 
orifice,  and  the  discharges  calculated  separately  for  each. 
Using,  however,  the  same  value  of  H  in  both  cases,  H 
being  the  head  due  to  the  overfall,  that  is,  down  to  the 
level  of  the  tail-race. 
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Some  further  values  of  coefficients  of  weir  discharge 
are  given  in  the  accounts  of  gauging  in  Chapter  II. 
To  aid  in  the  computation  of  discharges  from  overfalls, 
the  velocities  of  discharge  due  to  various  heads  and 
various  coefficients  may  be  obtained  from  those  given  in 
Table  IX.,  pages  xxxvii  to  xlv;,  by  reducing  the  velocities 
there  given  by  one-third;  the  results  multiplied  by  the 
section  of  overfall  are  then  the  required  discharges.  The 
method  thus  adopted  enables  the  same  table  to  be  used  in 
computing  the  discharges  of  both  orifices  and  overfalls. 
A  table  of  weir  coefficients  is  given  on  page  Ixxxiii.,  and 
some  explanatory  examples  on  pages  xlvi.  to  xlviii. 

11 —EFFLUX  OR  DISCHARGE  FROM  PRISMATIC 
VESSELS  OR  RESERVOIRS. 

The  following  formulae  given  by  d'Aubuisson  may  be 
considered  useful  for  reference  in  the  cases  in  which  they 
are  required  in  engineering  practice : — 

First  CcLse^ 

(1st.)  When  the  reservoir  empties  itself  through  an 
orifice. 

Velocities. — The  ratio  between  the  velocity  at  the  orifice 
of  discharge  and  that  of  the  water  in  the  reservoir  is  in 
the  inverse  ratio  of  their  sectional  areas. 

Head. ---If -H.  =  actual  height  of  water  in  the  reservoir ; 
A  ^  the  height  due  to  and  generating  the  velocity  of  dis- 
charge, and  A  and  a  are  the  sectional  areas  of  the  reser- 
voir and  the  orifice. 

Then  A  =  .,^^   , 
A'  —  nr  a  . 

Disc/iarffe. — A  reservoir   emptying    itself  through   an 

orifice  in  a  given  time  would  discharge  a  volume  equal  to 

half  that  due  to  the  head  at  the   commencement,  kept 
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constant  daring  the  same  time.  For  an  example  of  this 
applied  to  locks,  see  example  4,  page  xlvi. 

Time. — The  time  in  which  a  prismatic  reservoir  empties 
itself  is  double  that  in  which  the  same  volume  would  be 
discharged  if  the  initial  head  had  remained  constant. 

The  time  of  descent,  /,  to  a  given  depth, «?  =  H  —  A 

ma  ^Hg 
and  the  quantity  discharged  in  a  given  time,  t, 

is  Q  =  A  (H  -  A)  =  ^-^^W^  (^H  --^Ij^) 

and  the  mean  hydraulic  head,  H,  under  which  the  same 
quantity  would  be  discharged  in  the  same  time  is — 

where  H  and  h  are  the  heads  at  the  beginning  and  end  of 
the  time  of  discharge,  the  reservoir  receiving  no  supply 
during  that  time. 

(2nd.)  "When  the  basin  or  reservoir  receives  a  constant 
supply  during  the  time  of  discharge. 

If  ^= quantity  supplied  per  second, 

/=:time  in  which  the  surface  will  descend  the  depth, 

when  there  is  no  supply,  or  j'  =  0,  this  equation  resolves 
itself  into  that  previously  given. 

(3rd.)  In  the  case  of  there  being  no  supply,  but  the 
discharge  instead  of  being  effected  through  an  orifice  is 
conducted  over  an  overfall — 

"  «»L  v/2y  \s/h      v/H  ) 
Non-prismatic  reservoirs  are  extremely  d\ffi.c>ilt.  \ft  ^«aL. 


{ma 
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with^  and  the  investigation  of  any  special  case  would  be 
comparatively  useless. 

Second  Case. 

When  one  reservoir  empties  itself  into  another. 

(1st.)  When  each  of  the  two  reservoirs  being  exceed- 
ingly large  practically  preserves  its  own  level,  the  com- 
municating sluice  being  below  the  lower  surface  of  water ; 
then  if  H,  h,  are  the  heads — 

the  discharge  Q  =  ma  v/^Jy  (H  -  h)^ 

(2nd.)  When  the  upper  reservoir  being  exceedingly 
large  preserves  its  own  level,  and  the  lower  reservoir 
having  a  definite  area  (A),  receives  the  supply  through  a 
slaice  of  a  section  {d)y  required  the  time  in  which  the 
surface  of  the  lower  basin  will  rise  to  a  certain  height. 

li*  H,  ^,  be  the  heads  on  the  lower  surface  at  the  be- 
ginning and  end  of  the  time,  /, 

this  formula,  like  that  previously  given,  is  useful  for 
determining  the  time  necessary  to  fill  a  lock  chamber: 
when  A  =  0,  or  the  levels  become  the  same,  the  case  is  that 
of  canal  locks,  and  the  sectional  area  of  the  sluice  may  be 
determined  from  this  equation. 

(3rd.)  When  neither  reservoir  receives  any  supply,  and 
both  are  limited  in  size,  if  the  surfaces  are  originally  at 
difierent  levels,  and  the  communication  sluice  is  opened, 
the  surface  of  one  will  rise  and  the  other  falL 
If  A,  B,  are  the  sections  of  the  two  vessels, 

H,  ^,  the  heads  at  the  beginning  and  end  in  A, 
hy  y^  the  heads  at  the  beginning  and  end  in  B, 
a  ZL  the  sectional  area  of  the  pipe  or  sluice, 
/  =   time  during  which  the  sluice  is  open. 


then  <  =  — 
ma. 


^TA+B)V^  \  v/bThTa^-  v/(A+B)*-AH-BA^[ 
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and  if  it  be  required  to  know  the  time  in  which  the  two 

surfaces  will  be  level ;  in  that  case,  x  :=,  y  zz  — ^        p    , 

and  then 

^_    2AB  y/H^^^ 

ma  (A  +  B)  s/2g. 

This  formula  is  convenient  for  determining  the  time 
occupied  in  bringing  the  water  in  the  two  chambers  of  a 
double  lock  to  the  same  level,  by  means  of  a  sluice  of 
known  dimensions. 

12.— THE  APPLICATION  OF  THE  WORKING  TABLES. 

The  use  of  the  greater  portion  of  these  twelve  tables 
has  already  been  indicated  in  the  foregoing  text ;  they 
have  for  their  object  not  only  the  reduction  of  labour 
in  calculating  quantities,  but  also  to  serve  as  a  check 
on  any  calculations  of  the  same  nature  that  may  be 
rapidly  made  by  engineers  in  dealing  with  quantities  of 
water.  Table  I.  gives  the  amount  of  the  force  of  gravity 
in  different  latitudes,  and  may  occasionally  be  found 
of  use  in  pendulum  experiments,  and  in  such  calcu- 
lations in  which  the  ordinary  value  of  y  32  2  feet  per 
second,  generally  applied  in  the  hydraulic  calculations  in 
the  form  of  \/2y  =  8025,  is  not  sufficiently  exact. 
Tables  II.,  III.,  and  IV.,  are  of  use  in  calculations  of 
water  supply  from  catchment  areas,  storage,  flood  dis- 
charge, and  waterway.  .Table  V.  gives  some  velocities 
usual  under  certain  circumstances  that  are  occasionally 
required,  and  as  to  which  the  memory  cannot  always  be 
trusted.  Table  VI.  affords  a  ready  means  of  reducing  or 
converting  gradients  and  angular  slopes  into  the  forms 
most  usually  required  by  hydraulic  engineers.  Table 
VII.  gives  mean  velocities  of  discharge  of  open  channels 
of  all  sorts;  these   have,   however,  in   conformity  mtVv 
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raodem  practice,  to  be  modified  by  coefficients  suited  to  the 
particular  case  under  consideration  ;  the  various  functions 
of  mean  velocity  can  also  be  easily  deduced  by  the  aid  of 
this  table.  Table  VIII.  gives  discharges  of  full  cylin- 
drical pipes  and  tubes,  and  the  diameters  and  heads  cor- 
responding to  discharges  ;  these  also  require  modification 
by  suitable  coefficients  in  the  same  way.  Table  IX. 
gives  velocitieiij  of  discharge  of  sluices,  the  same  table 
serving  also  for  weirs  by  making  a  deduction  of  one-third 
from  the  velocities  there  given.  Table  X.  gives  the  loss 
of  head  due  to  bends  in  open  channels  and  in  pipes,  and 
the  rise  of  water  due  to  obstructions  in  open  channels 
and  rivers.  Table  XI.  is  a  table  of  equivalents,  affi)rding 
the  means  for  a  ready  conversion  of  quantities  often 
entering  into  hydraulic  calculation,  such  as  total  into  con- 
tinuous quantities ;  and,  especially  intended  for  use  in 
calculations  of  storage,  town  supply,  and  distribution  of 
water  in  irrigating  land.  The  latter  portion  of  this  table 
consists  of  conversion  tables  for  English  and  metrical 
measures.  The  greater  portion  of  Table  XII.  is  a  col- 
lection of  all  the  experimental  coefficients  necessary  in 
ordinary  hydraulic  calculations ;  they  have  been  arranged 
in  this  manner  in  preference  to  being  distributed  through- 
out the  tables,  in  the  belief  that  it  permits  of  greater  con- 
venience in  reference :  part  6  of  this  table  is  a  small 
collection  of  hydraulic  memoranda,  principally  for  purposes 
of  conversion,  and  also  of  weight  and  pressure,  intended 
to  aid  in  rapid  calculations  ;  and  part  7,  consisting  of  useful 
numbers,  having  the  same  object,  also  serve  for  readily 
applying  powers  and  roots  to  the  coefficients  that  have  now 
become  so  important  a  part  of  all  hydraulic  calculations. 
These  tables  and  data  have  all  been  calculated  and  re- 
duced by  the  author,  with  the  exception  of  those  at  pages 
Iviii  and  Ix. 
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The  Appendix  to  the  Working  Tables  consists  of  a  few 
miscellaneous  tables  and  data,  giving  information  sometimes 
required  by  the  engineer  in  connection  with  hydraulic 
works,  the  last  being  a  table  of  British-Indian  weights 
and  measures ;  these  with  two  or  three  exceptions,  in 
which  the  tables  were  made  by  the  author,  have  been 
taken  from  the  best  sources  available,  and  rearranged  in 
a  convenient  form. 


CHAPTER  II. 

Ok  Field  Operations  and  Gaugino. 


1.  Direct  measarement  of  discliarge.  2.  Ganging  by  rectangular  overfalls. 
3.  The  measnrement  of  velocities :  different  appliances  and  instruments : 
flumes  and  gauges.  4.  Grauging  by  means  of  surface  velocities. 
5.  Gauging  canals  and  streams  by  loaded  tubes.  6.  The  Mississippi 
field  operations  for  gauging  very  large  rivers.  7.  Field  operations  in 
gauging  crevasses :  and  computation  of  coefficients  for  special  crevasse- 
discbarges.  8.  Captain  Humphreys*  improved  system  of  gauging  rivers 
and  canals.  9.  General  Abbot's  mode  of  determining  discharges  on  any 
given  day.  10.  The  experiments  of  d'Arcy  and  Bazin  on  the  Rigoles 
de  Chazilly  et  Grosbois.  11.  The  gauging  of  great  rivers  in  South 
America,  by  J.  J.  B^vy.  12.  G^eneral  remarks  on  systenn  of  gauging, 
and  conclusions  therefrom. 


1.— DIRECT  MEASUREMENT  OF  DISCHARGE. 

The  direct  measurement  of  the  discharge  of  a  channel 
or  stream  can  be  obtained  by  means  of  gauge-wheels. 
The  channel  is  widened  until  the  water  flows  at  a 
moderate  depth,  less  than  five  feet,  over  a  horizontal 
and  carefully  constructed  apron  which  is  divided  by  piers 
into  a  number  of  equal  openings.  At  each  of  these 
openings  a  gauge-wheel  is  placed,  which  fits  the  opening 
every  way  within  a  quarter  of  an  inch.  Sheet  piling  is 
driven  across  the  head  of  the  apron  and  along  the  banks 
approaching  it  for  some  little  distance,  so  as  to  force  the 
whole  of  the  water  of  the  stream  to  pass  between  the  piers 
and  drive  the  wheels.     The  measurement  of  the  water  is 
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determined  by  the  number  of  revolutions  of  the  wheels, 
which  should  be  all  ^coupled  on  to  one  shaft  and  be  made 
self-recording  on  a  dial- face,  and  by  the  dimensions  of  the 
wheels,  or  spaces  between  their  blades,  as  well  as  by  the 
depth  of  water  passing  over  the  apron,  which  is  observed 
at  intervals  of  about  five  minutes  on  gauges  erected  for 
the  purpose. 

The  method  of  obtaining  a  discharge  by  means  of 
gauge-wheels  is  expensive  and  interferes  with  navigation 
as  well  as  the  passage  of  the  water ;  it  is  therefore  very 
rarely  adopted. 

2.— GAUGING  BY  EECTANGULAR  OVERFALLS. 

The  water  of  a  canal  or  stream  is  made  to  discharge 
itself  over  a  single  horizontal  dam,  or  over  a  series  of  small 
overfalls  specially  constructed  for  the  purpose.  The  dis- 
charge over  overfalls  of  certain  dimensions,  and  under 
certain  circumstances,  is  known  by  many  series  of  experi- 
ments to  be  correctly  expressed  by  a  formula,  containing 
the  required  data  and  dimensions,  known  as  Francis's 
formula,  it  is 

Q  =  |v/^  X  w       [/  -  01  «h]  H^ 

where   /    =  length  of  weir-sill. 

H  =  head  on  the  weir  from  still  water. 

n    =  number  of  end  contractions. 
If  the  weir-sill  is  of  the  same  length  as  the  breadth  of 
the  channel  of  approach,  «  =  0  ;  if  less  than  it,  and  there 
is  no  central  pier  or  obstacle,  »  =  2 ;  each  central  obstacle 
involving  two  additional  end  contractions. 


taking  ^2y  =  8025  and  m  =  -6228 

Q  =  3-33198  p-  01  «h]-^* 
This   gives   results   within   one  pet  eeTi\».  ^^  vfe^Oc^^ 
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exactitude.     The  dimensions  in  this  formula  being  taken 
in  feet,  the  discharges  will  be  in  cubic  feet  per  second. 

The  following  conditions  should  be  observed  in  gauging 
by  rectangular  overfalls. 

1.  As  regards  fbrm  of  construction,  the  dam  in  which 
the  overfall  or  series  of  overfalls  is  placed,  should  have  the 
sills  truly  horizontal,  and  the  sides  of  the  overfalls  truly 
vertical :  the  dam  itself  should  be  vertical  all  along  on  the 
up-stream  side,  but  the  sills  should  all  be  sloped  off  on 
the  down  stream  side  at  an  angle  of  45^  or  more  with 
the  horizon ;  all  the  edges  of  discharge  should  be  sharp 
and  true,  after  passing  which  the  water  should  discharge 
itself  unobstructed. 

2.  In  order  to  obviate  the  necessity  of  allowing  for  the 
velocity  of  approach  in  the  channel,  the  area  of  the  over- 
fall— i.e.,  the  quantity  /  x  H,  must  not  exceed  one-fifth 
the  area  of  the  channel ;  otherwise  an  allowance  must 
be  made  on  this  account,  as  given  in  the  paragraph  on 
Weirs,  Chapter  I. 

3.  If  the  velocity  of  the  channel  of  supply  should  not  be 
uniform  in  all  parts  of  its  section,  arrangements  should  be 
made  to  make  it  so ;  this  can  be  done  by  placing  gratings, 
having  unequally  distributed  apertures,  all  across  the 
channel,  and  as  far  from  the  overfall  as  possible,and  letting 
the  water  pass  through  them  under  a  small  head. 

4.  In  addition  to  the  above  it  is  absolutely  necessary 
that  the  air  under  the  falling  sheet  of  water  should  have 
free  communication  with  the  external  air. 

With  regard  to  dimensions : — 

5.  Should  the  overfall  not  extend  to  the  entire  width  of 
the  channel  of  supply,  there  should  be  at  least  a  difference 
at  each  end  equal  to  the  depth  on  the  overfall,  so  as  to 
produce  complete  end  contraction. 

6.  When  the  breadth  of  the  overfall  is  equal  to  that  of 
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the  stream,  and  even  under  all  circumstances,  the  depth 
on  the  weir  should  be  less  than  one-third  the  height  of  the 
barrier. 

7.  The  depth  on  the  weir  must  be  always  less  than  one- 
third  of  the  length  of  the  sill. 

8.  The  head  on  the  overfall,  H,  should  never  be  less  than 
*2  feet ;  it  is  better,  also,  to  make  it  more  than  '5  feet  and 
less  than  2  feet. 

9.  The  fall  from  sill  to  tail- water  should  not  be  less  than 
half  the  depth  on  the  weir  in  order  to  ensure  a  free  fall. 

The  following  practical  directions  suitable  to  streams 
and  moderate  rivers  are  given  as  examples,  where  ordinary- 
care  and  accuracy  is  required. 

Practical  directions. — 1st.  When  the  discharge  is  sup- 
posed to  be  less  than  40  cubic  feet  per  second : — 

First,  according  to  the  above  rules,  make  H  greater 
than  '2  feet;  and  H  x  /  less  than  one- fifth  of  the  channel 
section ;  let  /  be  greater  than  '3  feet,  but  less  than  one- 
third  the  width  of  the  channel ;  and,  to  ensure  a  free  fall, 
arrange  so  that  the  lower  edge  of  the  sill  may  not  be  less 
than  half  a  foot  above  the  tail-race. 

Under  these  conditions  the  coefficient  of  discharge  to  be 
used  will  be  m  =  '623,  and  any  error  should  not  be  more 
than  one  per  cent.  Obtain  the  surface  velocity  (V.)  and 
the  transverse  section  (S) :  the  approximate  discharge  will 
then  be  Q.  =  V.  x  S,  and  assuming  a  value  for  /  as  before 
mentioned,  obtain  a  value  for  H  by  means  of  the  ordinary 
formula,  making  use  of  the  approximate  discharge  for  this 
purpose.  H  should  be  from  1  to  3  feet,  and  should  such 
a  value  not  result,  from  the  application  of  the  previous 
conditions,  use  another  value  for  /,  so  as, to  secure  this 
condition,  as  well  as  to  retain  the  other  conditions  before 
mentioned.  "When  this  is  gained,  the  orifice  may  be  cut 
of  the  required  dimensions  in  one  inch  plank  well  ^wdjUad.^ 
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of  which  such  dams  are  usually  made ;  and  as,  in  practice, 
the  dimensions  are  not  likely  to  be  very  closely  adhered 
to,  they  should  be  measured  again  when  the  orifice  is 
completed,  and  applied  to  the  formula  before  given  for  this 
purpose  to  obtaiq  the  velocity  of  discharge  and  amount 
of  discharge. 

2nd.  When  the  supposed  discharge  is  more  than  40 
cubic  feet  per  second,  but  still  admits  of  being  dammed: — 

Find  the  approximate  discharge  from  the  section  and 
velocity,  when  the  surface  of  the  stream  is  level  with  a 
fixed  mark  on  a  post  or  stone,  at  from  100  to  200  feet 
below  the  intended  site  of  the  weir ;  having  previously 
selected  a  place  where  the  stream  is  regular  in  width  and 
inclination,  construct  the  dam  so  that  the  weir-sill  may 
be  equal  to  the  full  breadth  of  the  channel,  square  the 
ends  of  the  opening  with  planking,  and  put  a  gauge  at 
each  end,  with  the  zero  at  the  level  of  the  upper  edge  of 
the  sill  of  the  overfall,  which  again  should  be  from  1  to  5 
feet  above  the  fixed  bench-mark. 

When  the  water  is  up  to  the  mark,  read  the  height  on 
either  scale ;  take  their  mean,  and  use  it  as  a  value  for  H 
in  the  weir  formula  before  given  to  obtain  the  velocity  and 
amount  of  discharge.  If  necessary,  obtain  the  surface 
velocity  of  approach  W,  and  make  allowance  for  it  as 
before  mentioned  under  the  head  of  weir  discharges,  as 
suitable  for  this  case  ;  m  being  =    666. 


3 —THE  MEASUREMENT  OF  VELOCITIES. 

There  are  many  cases  when  it  is  not  advisable  to 
construct  a  dam  or  gauge  by  overfalls,  and  also  cases  where 
the  simple  calculation  of  discharge  due  to  the  slope  of  the 
river,  and  the  terms  of  its  cross  section,  would  not  give 
suScienily  accurate  results.     Under  these  circumstances 
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velocity  observations  must  be  made,  and  other  data  cor- 
rectly obtained^  so  as  to  obtain  from  them  the  mean  velo- 
city of  discharge,  which,  when  multiplied  by  the  sectional 
area,  gives  the  required  discharge. 

In  all  cases  where  velocity  must  be  observed,  it  is  neces- 
sary to  choose  a  straight  reach  of  the  river  having  a  tolerably 
uniform  channel  section  ;  it  is  also  advantageous  that  the 
bank  should  admit  of  the  measurement  of  a  straight  line 
parallel  to  the  general  direction  of  the  channel,  and  at  right 
angles  to  the  line  of  intended  river  section  of  observation, 
to  serve  as  a  base  for  triangulation. 

For  exactitude  of  result,  it  is  also  advantageous  where 
circumstances  admit  of  it  to  use  a  flume,  should  the  channel 
be  su£Bciently  small  to  admit  of  it,  as  this  ensures  a  per- 
fectly regular  section  of  water  for  a  certain  distance,  and 
admits  of  more  exactitude  in  the  determination  of  tlie 
sectional  area  and  that  of  the  hydraulic  mean  radius.  A 
flume  is  a  timber  framework  covered  with  carefully  jointed 
plank,  forming  a  complete  lining  to  the  bottom  and  sides 
of  the  channel  for  from  100  to  200  feet  in  length,  having 
a  perfectly  equal  section  throughout ;  this  gives  the  means 
of  accurately  measuring  the  dimensions  of  the  stream,  the 
whole  of  the  water  of  which  is  forced  to  pass  through  it 
by  means  of  sheet  piling  at  its  upper  entrance.  It  pro- 
duces no  sensible  disturbance  in  the  flow  of  the  water,  and 
does  not  interfere  with  the  navigation  or  passage  of  water. 
Velocity  observations  are  then  made  on  a  measured  length 
along  the  flume  to  obtain  the  mean  velocity,  which,  when 
multiplied  by  the  section  of  the  flume,  gives  the  required 
discharge.  A  long  and  accurately  constructed  open  aque- 
duct in  perfect  order  answers  all  the  purposes  of  a  flume. 
Should,  however,  no  such  opportunities  for  the  exact  deter- 
mination of  the  water  section  present  themselves,  it  be- 
comes necessary  to  resort  to  soundings.     These  are  ^exK^^i^^ 
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best  and  certainly  most  rapidly  t.iken  by  means  of  a  sur- 
veyor's  100  feet  chain,  with  a  suitably  heavy  leaden  weight 
attached  to  one  of  the  handles ;  some,  however,  prefer  a 
cord  to  a  marked  chain,  and  consider  it  better  to  measure 
the  length  of  cord  with  a  tape  at  each  sounding. 

The  determination  of  the  position  of  each  sounding  can 
in  narrow  reaches  of  rivers  be  best  made  by  stretching  a 
rope  across  the  river,  and  measuring  the  distances  of  the 
sounding  points  from  one  bank  along  the  cord.  In  wide 
reaches  where  this  is  impracticable,  the  sounding  points 
have  to  be  fixed  by  angular  observation  and  connected 
with  the  base  lino  of  triangulation  at  the  moment  of 
sounding  either  by  an  observer  with  a  theodolite  on  the 
shore,  or  by  one  in  the  l>oat  with  a  pocket  sextant. 

The  fall  of  the  water  surface  at  all  states  of  the  river  is 
one  of  the  data  generally  required.  To  determine  this,  a 
gauge  post  is  erected,  driven  into  the  ground  at  each 
sounding  section,  and  the  heights  of  the  water  shown  on 
them  continually  recorded  so  as  to  show  all  variations  of 
depth ;  the  connection  of  level  between  the  two  or  more 
gauge  posts  is  made  by  levelling  either  from  one  post  to 
the  other,  or  from  both  to  a  fixed  bench-mark.  In  many 
cases  the  fall  of  the  water  surface  is  so  slight  that  the 
ordinary  14-inch  level,  and  staves  graduated  to  hundredths 
of  a  foot,  of  the  ordinary  surveyor,  do  not  give  suflSciently 
exact  results,  when  a  good  1 8-inch  level  and  staves  reading 
to  millimetres  might  perhaps  just  answer  all  purposes. 

The  gauging  of  the  exact  water  level,  the  variations  of 
which  are  frequently  very  small  though  stdl  important, 
often  requires  arrangements  giving  greater  precision  than 
that  given  by  a  gauge  post,  or  a  rod  held  to  the  water 
level.  The  two  instruments  employed  for  arriving  at  a 
very  exact  determination  of  water  level  are — 1st,  Boyden's 
hook  gauge ;  2ud,  The  tube  gauge,  used  by  Bazin. 
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Boy  den  8  hook  gauge, — With  regard  to  gauges,  it  is  well 
known  that  the  capillar}"^  attraction  of  water  about  any  rod 
placed  in  it  as  a  gauge  for  determining  the  water  level  will 
falsify  readings ;  to  obviate  this  the  well-known  Boyden's 
hook  gauge  may  be  used  where  extreme  precision  is  neces- 
sary.    This  gauge  has  a  hook  at  its  lower  end,  which  can 
be  raised  or  lowered  by  turning  a  screw ;  when  the  point 
of  the  hook  is  even  a  thousandth  part  of  a  foot  above  the 
water  surface,  the  water  around  it  is  sensibly  elevated  by 
the  capillary  attraction,  and  obviously  distorts  the  reflection 
of  light  from  the  surface ;  when  the  hook  is  lowered  just 
sufficiently  to  cause  this  distortion  to  disappear,  the  point 
of  the  hook  must  coincide  with  the  water  surface ;  a  true 
reading,  exact  within  001  of  a  foot,  can  then  be  read,  by 
means  of  a  vernier  attached  to  the  rod  of  this  gauge  which 
is  graduated  to  hundredths  of  a  foot.     As  this  instrument 
cannot  be  used  effectively  in  a  current,  it  is  usual  to  put 
it  in  a  box  in  some  convenient  place  which  only  commu- 
nicates with  the  external  water  by  means  of  a  hole,  or  if  the 
depth  at  some  distance  off*  is  the  object,  by  a  pipe  leading 
from  that  place  to  the  hole  in  the  box;  any  oscillation  of  the 
water  surface  in  the  box  may  then  be  diminished  or  nearly 
removed  by  partially  obstructing  the  hole  at  will.     Should 
perfect  rest  not  be  attainable,  a  good  mean  position  of  the 
point  of  the  hook  may  be  obtained  by  adjusting  it  to  a 
height  at  which  it  will  be  visible  above  the  water  surface 
for  half  the  time.     It  is  sometimes  convenient  to  have  the 
hook  made  with  a  small  semispberical  knob  on  it,  a  level- 
staff  can  then  be  held  on  it  for  taking  a  sight  with  an 
instrument. 

The  tube-gauge  tised  hy  Bazin  is,  unfortunately,  not  de- 
scribed in  detail,  nor  are  drawings  of  it  given  in  his 
"  Becherches  Hydrauliques."  It  seems,  however,  to  have 
been  a  glass  tube  having  a  mouthpiece  of  only  a  milliiCLetcft 
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in  diameter,  and  that  it  enabled  variations  of  water  level 
of  one  millimetre  to  be  easily  read ;  and  it  is  hence  ex- 
tremely probable  that  it  resembled  in  some  respects  the 
velocity  'gauge-tube  of  d'Arcy,  used  for  taking  velocity 
n^easurements,  hereafter  described.  It  is,  in  fact,  evident 
that  an  instrument  on  this  latter  principle,  capable  of  in- 
dicating variations  of  velocity  with  precision,  would  also 
indicate  with  exactness  the  moment  of  the  withdrawal 
fjcom,  or  submersion  of  its  mouthpiece  in,  the  water,  and 
that  this  motion  could  be  easily  manipulated  with  a 
clamping  and  a  tangent  screw. 

In  addition  to  the  above  data,  it  is  also  advisable  to  take 
notes  of  the  nature  and  quality  of  the  soil  of  which  the 
bed  and  banks  of  the  river  under  consideration  are  com- 
posed,  as  these  have  an  important  effect  on  the  discharge, 
and  to  notice  what  amount  of  velocity  of  current  is  just 
sufficient  to  cause  erosion  in  them. 

The  different  modes  of  measuring  velocity  are  the  fol- 
lowing:— 

Surface  velocily  is  very  simply  measured  by  observing 
the  time  of  transit  over  a  known  distance  or  length  of  a 
reach  of  a  river,  of  any  light  floating  body,  a  wafer,  a  ball 
of  wood  or  cork,  or  a  partly  filled  bottle. 

Mean  vertical  velocity^  or  the  mean  of  all  the  velocities 
from  water  surface  to  the  bottom  under  any  point,  in  a 
vertical  plane,  is  measured  by  a  rod  placed  verticidly,  having 
a  length  nearly  equal  to  the  depth  of  the  river,  loaded  at 
one  end,  and  supported  by  a  float  at  the  upper  end.  The 
time  of  transit  of  such  a  rod  will  then  give  approximately 
the  mean  velocity  of  the  vertical  plane  in  which  it  moves. 
These  rods  or  poles  are  sometimes  made  hollow  and 
weighted  inside,  as  the  painted  metal  tubes  of  the  Lowell 
experiments  hereafter  mentioned,  thus  obviating  the  ne- 
cessity  of  attaching  either  floats  or  weights. 
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A  more  convenient  mode  of  observing  mean  vertical 
velocity  consists  in  lowering  from  the  surface  to  the  bottom, 
and  raising  again  to  the  surface  any  accumulative  self- 
recording  current  meter.  This  is  an  operation  requiring 
extreme  care;  the  meter  must  be  sufficiently  weighted, 
and,  if  necessary,  also  managed  by  a  cord  from  an  addi- 
tional boat  moored  up  stream  so  as  to  ensure  its  moving 
vertically  up  and  down ;  the  lowering  and  raising  of  the 
meter  must  also  be  evenly  and  steadily  managed,  so  that 
the  results  may  not  be  falsified. 

Mean  sectional  velocity  can  be  approximately  obtained 
in  small  streams  and  canals  at  one  operation  only  by 
making  a  light  covered  framework  nearly  the  size  of  the 
whole  cross-section  of  the  stream,  and  so  arranging  it  by 
floats  and  weights  that  it  will  assume  a  vertical  position 
at  right  angles  to  the  thread  of  the  current ;  its  time  of 
transit  can  then  be  noted,  and  this  will  be  the  approximate 
mean  velocity  of  the  section. 

Sub-surface  velocities. — The  following  are  means  and 
appliances  for  measuring  the  force  of  a  current,  but  most 
of  these  involve  the  application  of  a  special  coefficient  of 
reduction  due  to  the  particular  appliance,  in  order  to 
obtain  the  actual  velocity  in  feet  per  secoud  at  any 
depth : — 

1. — By  double  floats. 

A  weighted  float,  consisting  of  ball,  or  cube  of  wood, 
or  hollow  tin  weighted  with  lead,  is  sunk  to  the  required 
depth,  being  attached  by  a  cord  to  a  small  upper  float  on  the 
surface  of  the  water ;  the  upper  float  being  made  of  cork, 
light  wood,  or  hollow  tin,  carrying  a  vertical  stick,  or  wire, 
for  convenience  of  observation,  and  the  length  of  cord  being 
so  adjusted  as  to  prevent  the  weighted  float  from  sinking 
lower  than  the  depth  at  which  the  current  velocity  is  re- 
quired.    Tlie  time  of  transit  of  this  douViW  ^o^\»^  ^"^^t  ^ 
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measured  or  a  calculated  distance,  is  observed,  and  is  sap- 
posed  to  repiMent  the  velocity  of  the  stream  at  that  depth, 
independentlj  of  any  coefficient  of  reduction. 

Another  method  is  to  employ  a  pair  of  equal  hollow 
balls  connected  or  linked  together,  the  upper  one  on  the 
sur&ce,  and  the  lower  one  we^hted  sufficiently  to  keep  it 
at  the  certain  depth  ;  the  velocity  of  this  double  float,  as 
observed  on  a  measured  distance,  is  supposed  to  be  that  of 
the  current  at  half  the  depth  of  the  lower  ball. 

2. — By  instruments  of  angular  measurement. 

A  quadrant  having  a  graduated  arc  has  a  string  attached 
to  its  centre,  and  a  ball  attached  to  the  string,  which  is 
immersed  in  the  stream.  The  current  moving  the  ball 
produces  an  angular  change  from  verticality  in  the  position 
of  the  string ;  the  velocity  is  then  equal  to  the  square  root 
of  the  tangent  of  this  angle  multiplied  by  a  coefficient, 
which  is  constant  for  the  same  ball  only. 

3. — By  the  indications  of  a  balance. 

A  ball  is  immersed  in  the  stream  and  attached  by  a  wire 
to  a  balance,  which  registers  the  pressure.  Another  very 
similar  method  requires  a  small  plate  instead  of  a  ball, 
which  is  connected  with  the  balance,  and  which  is  directly 
opposed  to  the  current. 

The  tachometer  of  Briinings  is  the  best  known  instru- 
ment of  this  type.  It  consists  of  a  plate  fixed  at  one  end 
of  a  horizontal  stem,  which  moves  in  the  socket  of  a  verti- 
cal bar,  by  means  of  which  the  instrument  either  rests  on 
the  bottom  of  the  channel  or  is  suspended  from  above.  A 
cord  of  fixed  length  is  fastened  to  the  other  end  of  the 
stem,  and,  passing  under  a  pulley,  is  attached  to  the  short 
arm  of  a  balance,  on  whose  other  arm  a  weight  is  sus- 
pended, being  placed  in  such  a  position  that  the  equili- 
brium is  established  with  regard  to  the  force  of  the  current 
under  observation.     The  position  of  the  weight  on  the 
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graduated  arm  of  the  balance  indicates  the  velocity  ob- 
served. 

4. — By  the  rotation  of  a  screw. 

A  light  metal  screw,  similar  to  that  of  a  ship's  patent 
log,  will,  when  submerged  in  a  current,  rotate  at  a  velocity 
approximate  to  that  of  the  water  in  which  it  is  placed.  If 
on  the  axle  of  the  screw  a  thread  is  set  turning  one  or  more 
worm-wheels,  the  number  of  revolutions  of  the  worm-wheel 
will  indicate  the  approximate  velocity  of  the  water,  from 
which,  by  applying  a  coefficient  of  reduction  applicable  to 
the  particular  instrument,  thus  including  all  allowances  for 
friction  and  other  causes,  the  true  velocity  of  the  current 
may  be  obtained.  There  are  several  current  meters  of  this 
type :  Saxton's,  Brewster's,  and  Bevy's,  hereafter  described, 
are  all  modifications  of  this  form.  Some  of  these  instru- 
ments are  not  suited  to  great  depths  and  high  velocities ; 
others  are  made  self-recording  in  such  a  way  as  to  make 
allowance  in  the  indicated  number  of  revolutions  for  the 
loss  of  velocity  by  friction ;  the  latter  is  a  great  disadvan- 
tage, as  it  is  always  practically  necessary  to  test  each  par- 
ticulai*  instrument,  and  make  use  of  a  coefficient,  however 
small  it  may  be,  in  order  to  obtain  accurate  results. 

The  earliest  now  known  instrument  of  this  type  is  the 
hydrometric  mill  of  Woltmann,  used  by  him  in  1790. 
The  wings  on  its  axle  resembled  those  of  a  windmill,  and 
were  square  copper  plates,  set  at  an  angle  of  45°,  having  their 
sides  082  feet  and  their  centres  at  '164  feet  from  the  axis 
of  rotation ;  for  small  velocities  the  size  and  distance  of 
the  wings  was  doubled.  In  great  depths  this  instrument 
was  attached  to  a  bar  and  lowered  from  a  platform  between 
two  boats,  and  the  instrument  put  in  gear  or  out  of  gear 
by  means  of  a  cord  at  any  depth.  This  type  of  current 
meter,  from  its  convenience  of  use  in  observing  velocity  at 
any  depth,  has  been  re-invented  many  times. 
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5.— Pitot's  Tube. 

This  is  a  glass  tube  bent  at  the  lower  end ;  it  is  sunk  to 
the  required  depth,  and  its  lower  orifice  directed  against 
the  current :  the  velocity  is  deduced  from  the  difference  of 
level  between  the  water  in  the  river,  and  that  in  the  tube 
which  is  forced  up  by  the  current.  The  first  improvement 
of  this  instrument  is  that  of  Dubuat,  who  gave  the  orifice 
of  the  tube  a  funnel  shape,  and  closed  it  by  a  plate  pierced 
with  a  small  hole,  thus  considerably  reducing  the  objec- 
tionable oscillations  of  the  water  in  the  tube.  The  next 
is  by  Mallet,  who  terminated  the  horizontal  branch  of  the 
tube  by  a  cone,  having  an  opening  of  2  millimetres,  and 
made  the  tube  itself  of  iron  with  a  diameter  of  4  centi- 
metres; he  also  introduced  a  float  and  stem  which,  elevated 
by  the  force  of  the  current,  indicated  heights  on  a  graduated 
scale.  The  last  improvement  was  that  of  d'Arcy,  here- 
after described. 

6.— -Grandi's  Box. 

A  box,  having  a  small  hole  in  the  side  towards  the  cur- 
rent, is  sunk  to  a  certain  depth  and  withdrawn  after  a 
certain  time ;  the  amount  of  water  in  the  box  indicates  the 
velocity  at  that  depth. 

7. — Boileau's  Air  Float. 

A  glass  tube  of  fixed  length  is  immersed  in  a  position 
parallel  to  the  current ;  the  upper  end  of  the  tube  has  a 
conical  mouthpiece  fitted  to  it  of  any  convenient  size ;  the 
velocity  of  passage  of  a  globule  of  air  through  the  tube 
indicates  the  velocity  of  the  current. 

Some  of  these  modes  of  measuring  velocity  have  for  the 
present  practically  fallen  into  disuse,  on  account  of  the 
very  limited  range  of  their  applicability ;  others,  on  the 
contrary,  have  been  severally  adopted  by  various  hydrauli- 
cians  in  modem  times,  to  the  entire  exclusion  of  the  rest. 
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Modes  adopted  in  Modem  Practice. 

(1.)  On  the  Mississippi  Surveys  it  was  determined  to  use 
the  most  simple  apparatus,  so  as  to  avoid  the  necessity  bf 
applpng  any  coefficients  of  reduction  to  the  velocities  indi- 
cated by  them;  and  double  floats  were  invariably  used. 
The  floats  used  in  the  Mississippi  Survey  were  kegs  without 
top  or  bottom,  ballasted  with  strips  of  lead,  so  sus  to  sink 
and  remain  upright ;  they  were  9  inches  in  height, 
and  6  inches  in  diameter ;  the  surface  floats,  when  of 
light  pine,  5*5  x  5*5  x  '5  inches,  when  of  tin,  ellipsoids, 
axes  5  5  and  1'5  inches,  the  cord  one- tenth  of  an  inch  in 
diameter ;  for  observations  more  than  5  feet  below  the 
surface,  the  kegs  were  12  inches  high  by  8  inches  in 
diameter,  and  the  cord  nearly  two-tenths  of  an  inch ; 
neither  the  weight  of  the  surface  float  nor  the  force  of 
the  wind  directly  affected  the  observations  to  any  appreci- 
able amount. 

(2.)  On  the  gauging  of  the  Parana  and  La  Plata,  by 
Mr.  Bevy,  the  screw  current  meter,  with  some  alterations 
and  improvements  made  by  him,  was  invariably  adopted. 

For  ordinary  currents  the  screw  used  by  Mr.  Eevy  con- 
sisted of  two  long  thin  blades  of  German  silver,  having 
a  diameter  of  6  inches,  and  a  pitch  of  9  inches;  the 
thread  of  its  axis  worked  on  two  worm-wheels  of  3  inches 
in  diameter,  one  wheel  having  200,  and  the  other  201 
teeth  ;  each  revolution  of  the  screw  moved  the  first  wheel 
one  tooth  onwards,  the  second  wheel  moving  one  tooth 
onwards  for  each  complete  revolution  of  the  first  wheel ; 
this  allowed  of  the  continuous  reading  of  40,000  revo- 
lutions ;  the  two  worm-wheels  had  graduated  divisions 
around  their  circumferences,  corresponding  to  the  teeth  in 
number  and  position,  which  were  read  off  at  an  index 
through  a  glass  plate  covering  them.    A  nut  was  also  used 
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for  clearing  the  worm-wheels  from  the  thread  of  the  axle 
of  the  screw,  by  means  of  which  the  instrument  was  either 
put  in  gear  or  out  of  gear  by  hand ;  a  wire  attached  also 
enabled  this  to  be  done  from  above  when  the  instrument 
was  at  any  depth. 

For  strong  currents,  the  screw-blades  were  shorter  and 
stronger,  and  made  of  steel.  Some  of  the  screws  used 
were  only  4  inches  in  diameter.  The  divisions  on  the 
circumferences  of  the  wheels  were  found  to  be  too  near  for 
convenient  reading;  100  and  101  divisions  would  have 
been  preferred  to  the  existing  arrangement  of  200  and  201- 

These  meters  were  generally  used  for  observing  velocities 
of  more  than  10  feet  per  minute,  their  corrected  results 
being  absolutely  correct  within  1  inch  per  minute  of 
velocity.  They  required  extreme  care  and  continual 
watching  :  the  slightest  bend  or  damage  to  a  screw-blade, 
or  any  clogging  or  accidental  tightening  of  a  screw  being 
liable  to  vitiate  results. 

When  in  good  order,  exposure  to  a  gentle  breeze  is 
sufficient  to  keep  the  instrument  revolving  ; — failing  this, 
cleaning  and  oiling,  or  readjusting  carefully,  is  absolutely 
necessary.  In  order  to  keep  a  check  on  the  observations, 
a  second  current  meter  should  always  be  at  hand. 

The  principal  advantage  of  this  description  of  current 
meter  is  the  convenience  with  which  it  can  be  worked,  and 
its  unvarpng  utility  in  observations  at  any  depth  of  water. 

(3.)  In  the  experiments  of  d'Arcy  and  Bazin,  on  the 
Eigoles  of  Chazilly  and  Grosbois,  the  gauge-tube  of 
d'Arcy,  a  development  of  the  tube  of  Pitot,  was  gene- 
rally used  for  taking  velocity  observations. 

Pitot's  tube,  used  in  1732,  demonstrated  the  principle 
that  the  difference  of  water  level,  A,  shown  by  the  two 
tubes,  one  vertical  and  the  other  curved,  and  directed 
against  the  current,  was  that  due  to  the  velocity,  and  that 


89 

the  latter  could  be  obtained  from  the  former,  by  making 
use  of  the  formula  V*  =  2^//. 

The  error  in  this  was  caused  by  the  fact  that  the  water 
in  a  vertical  tube  immersed  in  a  current  stands  lower  than 
the  water  surface  outside  ;  the  diflTerence  being  a  quantity 
dependent  on  the  square  of  the  velocity  immediately 
below  the  orifice.  In  addition  to  this  Pitot's  tubes  had 
a  serious  disadvantage  in  that  the  oscillation  of  the  water 
within  the  tubes,  whose  orifices  were  of  the  same  diameter 
as  the  tubes  themselves,  did  not  allow  the  difierence  of 
level  to  be  correctly  observed. 

These  objections  are  entirely  removed  in  the  improved 
tube  of  d'Arcy,  which  has  an  orifice  1*5  millimetres  in 
diameter  for  a  tube  one  centimetre  in  diameter :  in  addi- 
tion to  this  the  lower  portions  of  the  tube  to  which  the 
orifices  are  attached,  have  a  small  diameter,  and  are 
made  of  copper :  besides  this,  two  cocks  are  introduced 
which  add  greatly  to  convenience  of  manipulation.  The 
lower  cock,  which  can  be  worked  by  a  wire  and  lever, 
enables  the  orifices  to  be  opened  or  closed  at  any  moment 
from  above,  and  thus  allows  the  difference  of  water  levels 
of  the  tubes  to  be  read  off  at  leisure,  after  withdrawing 
the  instrument  from  the  water.  The  upper  cock,  after 
the  water  in  the  tubes  is  drawn  up  by  the  breath  at  an 
upper  orifice,  shuts  off  the  air,  and  enables  the  difference 
of  water  level  in  the  tubes,  which  is  not  affected  by  dila- 
tation or  compression  of  the  atmosphere,  to  be  read  off 
above  against  a  scale. 

This  gauge-tube  is  described  in  "  Les  fontaines  publiques 
de  la  ville  de  Dijon,  1856,"  and  drawings  of  it  are  given  in 
the  "Eecherches  Hydrauliques"  of  d'Arcy  and  Bazin,  1865. 

In  the  latter,  the  vertical  glass  tubes  are  1*25  m.  long, 
the  two  small  copper  tubes  below  them  being  enclosed  in 
a  copper  casing,  077  m.  long,  006  m.  broad,  andOQllxni. 


90 

thick,  terminating  in  a  sharp  wedge-shaped  point  to 
reduce  the  effect  of  the  perturbation  of  the  current.  The 
tubes  themselves  are  affixed  to  an  upright  of  light  boxwood, 
which  is  graduated  and  supplied  with  a  vernier ;  the  whole 
instrument  being  attached  to  an  iron  standard  on  which  it 
slides,  and  to  which  it  can  be  fixed  by  screws  at  any  height ; 
a  handle  turning  the  instrument  directs  the  orifices  in  any 
required  direction ;  and  an  additional  movable  wooden  arm 
is  used  to  enable  the  instrument  to  rest  by  means  of  it 
on  any  cross-beam  or  timber  from  which  the  observations 
are  being  taken. 

In  taking  an  observation  with  the  instrument  it  is  usual 
to  take  a  mean  of  three  maxima  and  minima. 

The  following  is  the  theory  of  the  determination  of  the 
coefficient  of  reduction  /i  in  the  formula  V  =  /i  V  2^/1 
for  any  instrument. 

If  a  single  curved  Pitot  tube  be  placed  in  a  current,  first, 
with  its  orifice  diriected  against  it,  and  recording  a  height, 
h\  above  the  natural  water  surface ;  secondly,  when  directed 
with  it,  and  recording  a  loss  of  level,  A^,  below  that  of  the 
natural  water  surface ;  and  thirdly,  when  directed  at  right 
angles  to  the  current,  recording  a  loss  of  level  h"\  then — 

Y«  V*  V* 

and  hence — 


^  =  V^^  v/2^(>i'+  h")  ^  ,.  s/WW^V^ 


m  +  m 


and  finding  from  tables  the  values  of  velocities  V  and  Y" 
corresponding  to  the  heights  A'  -f  A"  and  A'  +  A*^;  the 
above  equations  become — 

V  =  /i  V^  and  Y  =  A*'  Y"; 
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hence  there  is  a  constant  relation  hetween  the  theoretic 

V* 

height  —  due  to  the  velocity  of  the  fillet  under  consider- 

ation  and  the  quantities^  K^  A",  1i"\  and  the  coefficient  of 
reduction  can  therefore  be  obtained  for  any  sort  or  form 
of  orifice  by  means  of  a  few  experiments;  also,  when  once 
the  coefficient  of  reduction  for  the  instrument  is  deter- 
mined, it  is  unnecessary  to  make  further  use  of  the  level 
of  the  water,  in  which  the  instrument  is  plunged,  in 
determining  velocities. 

4.— GAUGING  CHANNELS   BY   MEANS   OF   SURFACE 

VELOCITIES  ONLY. 

The  experiments  of  Messrs.  Baldwin  and  Whistler  on 
discharges'  of  canals  of  rectangular  section  are  worthy 
of  notice.  They  obtained  discharges  on  the  canals  by 
means  of  surface  velocities  and  flume  measurement,  and 
simultaneously  gauged  the  actual  discharges  by  gauge 
wheels,  with  the  view  of  determining  practically  the  relation 
between  surface  velocity  and  mean  velocity,  for  channels  of 
a  certain  size  conveying  water  at  certain  velocities. 

In  one  case  the  flume  was  27 '22  feet  wide,  with  depths 
of  water  from  7*52  to  8*14  feet,  having  surface  velocities 
from  3  07  to  3*34  feet  per  second :  the  observations  deduced 
a  mean  coefficient  of  velocity  '857,  the  extremes  being 
•838  and  -856. 

In  the  other  case,  the  flume  was  2 9 '94  feet  vidde,  with 
depths  of  water  from  7'67  to  8*85  feet,  having  surface 
velocities  from  1*91  to  2*77  feet  per  second;  the  observa- 
tions deduced  a  mean  coefficient  for  the  surface  velocity  of 
•814,  the  extremes  being  '797  and  •846. 

In  other  cases,  the  data  of  which  are  not  forthcoming, 
the  coefficients  of-  surface  velocity  were  '835,  '830,  '810 ; 
and  taking  *829  as  the  mean  of  the  five  le^&xvk^^  V^  ^»se^\^<^ 
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favourably  compared  with  De  Prony's  coefficient  '816, 
obtained  from  experiments  on  wooden  troughs  18  inches 
wide,  having  depths  of  water  from  2  to  10  inches,  and 
velocities  varying  from  5*  to  4*25  feet  per  second.  Another 
point  which  Messrs.  Baldwin  and  De  Prony  agreed  in 
determining  was  that  their  coefficients  should  be  slightly 
reduced  for  lower  velocities  and  increased  for  higher.  The 
result  is  that  the  proportion  between  the  surface  velocity 
and  the  mean  velocity  of  discharge  for  rectangular  channels 
in  plank,  and  within  certain  limits  of  velocity  and  propor- 
tions of  cross  section,  may  be  said  for  practical  purposes 
to  lie  between  '8  and  '85.  Under  similar  local  conditions, 
therefore,  the  discharge  of  a  canal  of  rectangular  section  can 
be  rapidly  obtained  by  a  few  surface  velocity  observations, 
the  inclination  of  the  water  surface,  and  the  measurement 
of  its  section.  The  more  recent  experiments,  however,  of 
d*Arcy  and  Bazin  show  that  the  above  law  of  velocity 
does  not  hold  generally ;  and  hence  this  mode  of  gauging 
does  not  admit  of  general  application. 

5.  GAUGING  CANALS  WITH  LOADED  TUBES  ;  BY 

FRANCIS. 

Under  the  existing  arrangements  at  Lowell,  a  daily 
account  is  usually  kept  of  the  excess  of  water,  if  any, 
drawn  by  each  manufacturing  company  over  and  above 
the  quantity  it  is  entitled  to  under  its  lease.  In  ordinary 
times,  occasional  measurements  are  sufficiently  exact ;  but 
when  water  is  deficient,  frequent  measurements  are  made. 
In  the  latter  case,  the  following  is  the  usual  course  of 
proceeding : — 

A  gauging  party,  consisting  of  one  or  more  engineers 
with  assistants,  is  assigned  to  each  flume  where  measure- 
ment is  necessary ;  and  arrangements  are  so  made  that  the 
observations  for  a  single  gauging  occupy  about  an  hour, 
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the  intervals  during  the  day  being  occupied  in  working  out 
the  results,  which  are  immediately  communicated  to  the 
manufacturers,  so  that  the  machinery  may  be  adjusted  to 
the  amount  of  water  they  are  entitled  to  draw. 

The  following  are  the  dimensions  of  the  measuring 
flumes  used,  and  the  quantities  of  water  usually  gauged  in 
them  ;  the  depth  of  water  in  the  flume  generally  varying 
from  6  to  10  feet. 

Merrimac         100'  long  by  50'  wide,  1500  cub.  ft.  per  sec. 


Appleton          150 

50 

1800 

do. 

Lowell,  M.  C.  150 

30 

500 

do. 

Middlesex        150 

20 

200 

do. 

Prescott           180 

66 

2000 

do. 

Boott               100 

42 

800 

do. 

The  loaded  tubes  used  were  cylinders  2  inches  in 
diameter  made  of  tinned  plates  soldered  together,  with  a 
piece  of  lead  of  the  same  diameter  soldered  to  the  lower 
end,  having  sufficient  weight  to  sink  the  tube  nearly  to 
the  required  depth,  thus  leaving  generally  about  4  inches 
above  the  water  surface.  A  red-paint  mark  was  made  to 
show  the  amount  of  immersion  required,  leaving  a  space 
between  the  bottom  of  the  tube  and  the  bottom  of  the 
canal  of  1  foot.  The  tubes  were  of  thirty-three  different 
lengths,  varying  from  6  to  1 0  feet :  six  of  each  length  were 
provided  for  this  purpose. 

In  order  to  adjust  the  tube  precisely,  it  was  placed  in  a 
tank  made  for  the  purpose,  and  small  pieces  of  lead  were 
dropped  into  the  top  of  the  tube,  and  rested  on  the  mass 
of  soldered  lead,  and  more  were  added  until  the  tube  was 
sunk  to  the  required  depth,  when  the  orifice  at  the  top 
was  closed  by  a  cork.  The  tubes  were  allowed  to  remain 
floating  for  some  time  in  the  tank  in  order  to  discover 
any  leak.     If  they  leaked,  they  w%t%  tObVeii  wA*  ^ncA  SSl^^ 
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with  water  to  discover  the  position  of  the  leak,  when  the 
leak  was  soldered .  and  the  tube  adjusted  again.  The 
centres  of  gravity  of  the  tubes  adjusted  were  1  78  to  1' 90 
feet  from  their  bottom  ends ;  and  thus  being  low,  the 
tubes  had  a  strong  tendency  to  remain  vertical. 

The  tubes  were  put  into  the  water  by  an  assistant 
standing  on  a  bridge  below  the  upper  end  of  the  flume, 
a  thing  requiring  a  little  practice  to  do  well ;  he  stood 
with  his  face  up-stream,  with  the  tube  in  hand,  the 
loaded  end  directed  downwards,  but  slightly  up-stream, 
holding  it  at  an  angle  with  the  horizon,  greater  or  less, 
depending  upon  the  velocity  of  the  current.  At  a  signal 
he  pushed  the  tube  rapidly  into  the  water  at  the  angle  at 
which  he  previously  held  it,  until  the  painted  wprk  near 
the  upper  end  of  the  tube  reached  the  surface  of  the 
water ;  he  retained  his  hold  of  the  upper  end  of  the  tube 
until  the  current  brought  it  to  a  vertical  position,  when 
he  abandoned  it  to  the  current. 

There  were  three  transit  timbers  placed  across  the 
flume,  the  middle  one  equidistant  from  the  other  two, 
their  up*stream  edges  vertical,  and  distinctly  graduated  in 
feet  from  left  to  right.  An  assistant  stood  at  each  transit 
timber  to  note  the  transits,  the  assistant  at  the  middle 
transit  timber  also  observing  the  depth  of  water  in  the 
flume  at  each  transit  in  a  box  close  to  him  ietween  the 
lining  planks  and  the  wall  of  the  canal,  which  communi- 
cated with  the  flume  by  a  pipe  about  4  feet  above  the 
bottom.  The  box  contained  a  graduated  scale,  divided  to 
hundredths  of  a  foot,  the  zero  point  being  at  the  mean 
elevation  of  the  bottom  part  of  the  flume  between  the 
upper  and  lower  transit  timbers.  The  bottom  of  the 
flume  was  very  nearly  horizontal ;  the  elevations  to  obtain 
the  .mean  were  taken  at  32  points,  giving  an  extreme 
difference  ohserveSi  of   027  feet  in  one  case.     The  course 


95 

of  the  tube,  denoted  by  the  distance  in  feet  from  the  left 
side  of  the  flume  when  the  tube  passes  the  transit  timbers, 
was  also  observed  and  called  out  by  the  assistants ;  the 
mean  course  being  obtained  by  adding  the  distances  at  the 
upper  and  lower  transit  timbers  to  twice  that  at  the  middle, 
and  dividing  the  result  by  four  for  a  mean  distance. 

The  usual  method  of  observing  the  transits  was  by 
means  of  an  assistant  carrying  a  stop  watch  beating 
quarter  seconds,  who  walked  down  and  recorded  every 
transit  himself;  but  when  greater  exactness  was  required, 
an  electric  telegraph  made  for  the  purpose  was  used,  bj 
which  the  transit  observers  communicated  transits  to  a 
seated  observer  from  their  stations,  the  times  of  signals 
being  noted  by  him  to  tenths  of  seconds,  according  to 
a  marine  chronometer  placed  before  him  beating  half 
seconds  : — an  assistant  was  also  required  to  carry  back  the 
tubes  to  the  up-stream  station.  In  the  usual  method 
before  stated,  a  party  of  five  was  sufficient  for  all  pur- 
poses. The  observations  were  made  at  distances  apart 
about  1*5  teet  in  the  cross  section,  as  may  be  seen  in  the 
following  gauge  record  for  one  set  of  observations,  and 
the  mean  velocities  of  the  tubes  for  these  mean  distances 
calculated  and  plott^  on  a  diagram  of  section  paper 
having  the  mean  widths  in  feet  of  the  flume  scaled  on 
one  side,  and  the  other  calculated  velocities  for  those 
widths  scaled  on  the  other ;  a  curve  joining  these  points 
was  then  drawn  on  the  dia;^m,  from  which  the  mean 
velocitv  for  each  foot  in  width  of  the  flume  was  scaled  off 
and  entered  in  the  r^r<:or4 ;  from  these  the  mean  velocity 
due  to  the  total  width  was  ol/tained  2  4-Jll  feet  per 
second ;  and  since  the  mean  se^lon  of  water.s'av  between 
the  upper  and  lower  tnuxh  timbers  was  =  41 '76  x 
8'5294  =  356'!*^^  iqoare  fesrt,  tlie  approximal^  diiieharge 
^  2-4311  X  35<H**  =  htiTyin'i  eaW.tc^  V*^  vw«A. 
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Gauge  record  of  the  quantity  of  water  passing  the  Boott  measuring 
ftume^  May  17, 1860,  between  10.30  and  11.30  a.m.,  length  between 
transit  timbers^  70  feet^  breadth  of  flume  41 '76  feet^  length  of 
immersed  part  of  tube  8*4  feet. 
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To  obtain  the  true  discharge  from  this  approximate 
result,  an  empirical  factor,  depending  on  the  difference 
(D)  between  the  depth  of  water  in  the  flume,  and  the 
depth  to  which  the  tube  was  immersed,  divided  by  the 
depth  of  water  in  the  flume,  was  applied  :  the  expression 
of  correction  being  1— 0'116  (v/d— O'l).  The  value  of 
this  expression  for  various  values  of  D  is  given  in  the 
attached  table  at  p.  98. 

In  this  case  D,  the  quantity  before  mentioned, 

_  8-5294-8-4000  _,^ 

8^6294 "^"^ 

and  hence  the  true  discharge 

=  865-929  X.     I  -  -116  (v/^0l52  -   1)  |  =  863-59. 

Remarks  on  the  application  of  this  method  of  gauging. 

The  preceding  measurements  were  made  in  a  flume 
placed  below  a  quarter  bend  in  the  canal,  which  caused  the 
velocity  to  be  much  greater  on  one  side  than  the  other.  To 
obviate  this,  an  oblique  obstruction  was  placed  near  the 
lower  end  of  the  bend,  which  removed  aU  the  trouble  in 
measurement  due  to  the  original  irregularity;  the  other 
remaining  irregularities  may  be  seen  by  plotting  a  diagram 
of  the  velocities.  It  is  hence  advisable  in  all  cases  to 
equalize  the  velocities  on  each  side  of  the  axis,  should 
they  require  it. 

In  gauging  a  branch  canal  it  is  best  to  put  the  flume  in 
it  near  its  off-take  from  the  main  canal,  with  its  axis  nearly 
parallel  to  that  of  the  branch  canal.  Its  section  may  be 
determined  by  roughly  calculating  the  expected  discharge, 
and  making  it  so  as  to  suit  a  velocity  of  from  1  to  3  feet 
per  second ;  its  length  should  not  be  less  than  50  feet, 
allowing  20  feet  above  the  upper  transit  timber  to  enable 
tubes  to  attain  the  same  velocity  as  the  water,  and  5  {^^\> 
below  the  lower  timber ^  the  transit  coxurw  oi  ''l^  i&^V.^Ta»L 
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over  in  7^  or  1 0  seconds,  can  be  then  noticed  by  a  practised 
observer  with  a  quarter  second  stop  watch. 

In  gauging  rivers  by  means  of  loaded  tubes,  flumes  are 
dispensed  with,  and  marked  cords  may  be  substituted  for 
the  graduated  transit  timbers,  being  supported  from  the 
bottom  if  necessary,  so  as  to  be  always  visible ;  in  large 
rivers  triangulation  observations  are  necessary.  The  reach 
should  be  50  to  100  feet  long,  and  the  bottom  irregu- 
larities may  be  removed  or  filled  in  to  a  certain  extent 
beforehand,  so  as  not  to  interfere  with  the  poles,  which 
should,  when  immersed,  reach  to  about  six  inches  from  the 
bottom.  Boats  will  be  required  to  convey  the  poles.  As 
the  cross  section  will  be  irregular,  it  will  be  necessary  to 
divide  it  into  several  parts,  finding  the  area  and  mean 
velocity  of  each  division,  and  calculating  the  corrected 
discharge  of  each  division  separately ;  the  sums  of  these 
corrected  discharges  will  then  be  the  true  discharge  for  the 
river  at  that  spot. 

6.  FIELD  OPERATIONS  FOR  GAUGING  THE  MISSISSIPPI 
RIVER  AND  TRIBUTARIES,  BY  CAPTAINS  HUM- 
PHREYS AND  ABBOTT  IN  1858. 

Soundings. — The  strength  of  the  current,  the  depth  and 
width  of  the  river,  and  the  floating  driftwood,  all  com- 
bined to  render  an  accurate  measurement  of  the  dimen- 
sions and  area  of  cross  sections  a  difiicult  operation  on 
the  Mississippi.  After  various  experiments,  the  following 
system  was  adopted,  by  which  accurate  work  was  done 
even  in  the  highest  stages  of  the  river.  The  middle 
stages  were  usually  selected  for  this  purpose,  being  pre- 
ferable to  the  low  stages,  during  which  there  would  have 
been,  exposure  to  oppressive  heat  and  disease,  and  more 
favourable  than  the  high  stages,  YjlieTi  \Jcv^  ScffivcvJ^^^ 
attending  accurate  measurement  Y^eTe  gte^Vjfc^\». 
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Preparatory  to  making  a  cross  section  of  the  river, 
whether  for  general  purposes  of  comparison  or  for  deter- 
mining a  discharge,  a  base  line,  varying  in  length  from 
400  to  1000  feet,  was  measured  along  the  bank  near  the 
water's  edge ;  an  observer  with  a  theodolite  was  stationed 
at  each  extremity  of  this  line.  The  one  directed  the 
telescope  of  his  instrument  across  the  river,  so  as  to 
command  the  line  on  which  the  soundings  were  to  be 
made ;  the  other  prepared  to  follow  the  boat  with  his 
telescope,  in  order  to  measure  its  angular  distance  from 
the  base  line  when  each  sounding  was  taken.  The 
boat,  a  light  six-oared  skiff,  contained  a  man  provided 
with  a  sounding  chain,  a  recorder  with  a  flag,  and  three 
oarsmen.  The  strongest  kind  of  welded  jack-chain  was 
employed,  to  which  bits  of  buckskin  were  attached  at 
intervals  of  5  feet,  smaller  divisions  being  measured  with 
a  rod  in  the  boat.  The  sinker,  varying  from  10  to  20 
pounds  in  weight  according  to  the  force  of  the  current, 
was  a  leaden  bar  whose  bottom  was  hollowed  out  and 
armed  with  grease,  in  order  to  bring  up  specimens  of  the 
bed  of  the  river.  The  patent  lead  was  also  used  for  the 
latter  purpose.  The  boat  was  rowed  some  little  distance 
above  the  proposed  section  line,  and  allowed  to  drift  down 
with  the  current,  the  sounding  lead  being  lowered  nearly 
to  the  bottom.  By  this  precaution,  the  deflection  of  the 
line  by  the  force  of  the  current  was  prevented.  When 
the  first  observer,  stationed  opposite  the  proposed  section 
line,  saw  that  the  boat  had  nearly  reached  it,  he  waved  a 
flag  as  a  signal  to  take  a  sounding,  and  then  carefully 
turned  his  instrument  so  as  to  keep  the  vertical  hair  of 
his  telescope  upon  the  point  where  the  chain  crossed  the 
gunwale  of  the  boat.  The  recorder  in  the  boat,  seeing 
the  signal,  waved  his  flag  to  the  second  engineer  to  follow 
the  boat  carefully  with  his  telescope.     The  man  with  the 
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sounding  chain  allowed  it  to  slip  rapidly  through  his 
hands  until  the  lead  struck  the  bottom,  when  he  grasped 
the  chain  at  the  water  surface,  and  instantly  rose  to  a 
standing  position.  This  motion  was  the  signal  for  arrest- 
ing the  movement  of  each  telescope,  and  recording  the 
angles.  The  recorder  in  the  boat  noted  the  depth  of  the 
water,  and  the  nature  of  the  bottom  soil  adhering  to  the 
lead.  By  the  angles  measured  at  the  base  line,  the  exact 
position  of  the  sounding,  which  was  never  more  than  a 
few  feet  above  or  below  the  proposed  section  line,  was 
ascertained.  The  process  was  repeated  until  soundings 
enough  had  been  taken  to  give  an  accurate  cross  section 
of  the  river.  Careful  lines  of  level  were  then  run  up 
each  bank  from  the  water  surface  to  points  above  the  level 
of  the  higliest  floods,  when  such  points  existed,  or  to 
other  convenient  bench-marks.  Generally,  the  triangles 
were  computed,  and  the  work  plotted  before  leaving  the 
place,  in  order  to  fill  by  additional  soundings  any  gaps 
which  might  appear  on  the  diagram. 

At  places  where  a  series  of  daily  velocity  observations 
was  to  be  made  additional  precautions  were  taken,  and 
two  independent  sections,  200  feet  apart,  were  sounded 
with  the  greatest  care.  Soundings,  repeated  from  time 
to  time  upon  these  lines,  uniformly  showed  that  no 
sensible  changes  took  place  in  the  bed  of  the  river. 
The  mean  of  all  such  sections,  when  reduced  to  the  same 
stage  of  the  river,  was  accordingly  always  taken  for  the 
true  cross  section  at  the  locality.  The  change  in  area 
produced  by  any  change  of  level  in  water  surface  could 
then  be  readily  computed  from  the  plotted  section.  To 
determine  the  daily  changes  of  this  level,  a  gauge-rod, 
graduated  to  feet  and  tenths,  was  observed  daily,  its 
correctness  of  adjustment  being  frequently  tested  by 
comparison  with  secure  bench-marks.    An  accwx^.^^  Worw- 
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ledge  of  the  area  of  the  cross  section  on  any  given  day 
was  thus  obtained.  The  tables  of  soundings  for  each 
cross  section,  which  were  all  numbered,  also  denoted 
the  distance  of  the  sounding  from  the  base  line,  the 
depth  of  high  water  during  that  year,  and  the  nature  of 
the  bottom. 

Velocity  Measurements. — Narrow  and  straight  portions 
of  the  river,  where  the  form  of  its  cross  section  approxi- 
mated most  nearly  to  that  of  a  canal,  where  the  waters 
of  the  highest  floods  were  confined  to  the  channel  by 
natural  banks  or  by  levees,  and  where  the  river  at  all 
stages  was  free  from  eddies,  were  selected  for  the  per- 
manent velocity  stations. 

The  depth  and  violence  of  the  river  rendered  the 
measurement  of  its  velocity,  especially  below  the  surface, 
exceedingly  difficult.  Of  all  the  methods  known  for 
determining  this  quantity,  that  by  double  floats  was 
found  to  give  the  best  results.  The  method  of  conduct- 
ing these  observations  was  as  follows  : — Two  parallel 
cross  sections  of  the  river  having  been  made  as  already 
explained,  200  feet  apart,  a  base  line  of  the  same  length 
was  laid  off*  upon  the  bank  from  one  to  the  other,  being 
of  course  at  right  angles  to  both.  This  length  was  suffi- 
cient to  ensure  accuracy  without  being  too  great  either 
for  observing  many  floats  in  a  day,  or  for  avoiding  local 
changes  in  velocity.  An  observer  with  a  theodolite  was 
stationed  at  each  extremity  of  the  base  line.  It  is  evident 
that,  when  the  telescopes  were  directed  upon  the  river, 
with  their  axes  set  at  right  angles  to  the  base  line,  the 
vertical  cross  hairs  marked  out  the  lines  of  sounding  upon 
the  water  surface,  and  that  the  time  of  passage  of  a  float 
between  these  lines  was  that  consumed  in  passing  200 
feet.  Also,  that  if  the  angular  distance  of  a  float  from 
the  base  line  when  crossing  each  line  of  sounding  was 


103 

measured,  its  distance  in  feet  from  the  former  could  readily 
be  computed,  and  its  path  fixed.  Upon  these  principles 
the  observations  were  conducted.  Two  skiffs  were  sta- 
tioned on  the  river,  one  considerably  above  the  upper,  and 
the  other  below  the  lower  section  line,  the  former  being 
provided  with  several  keg  floats.  At  a  signal  from  the 
engineer  at  the  upper  station,  whose  telescope  was  set 
upon  the  upper  section  line,  a  float  was  placed  in  the 
river.  The  keg  immediately  sunk  to  the  depth  allowed 
by  its  cord,  and  the  whole  float  moved  down  toward  the 
lower  line.  The  observer  at  the  lower  station  followed  its 
motion,  keeping  the  cross  hair  of  his  telescope  directed 
constantly  upon  the  flag.  At  the  word  "  mark  "  uttered 
by  his  companion,  when  the  float  crossed  the  upper  line, 
he  recorded  the  angle  shown  by  his  instrument,  and  then, 
setting  his  telescope  upon  the  lower  line,  watched  for  the 
arrival  of  the  float.  In  the  meantime,  the  observer  at  the 
upper  station,  whose  theodolite  supported  a  watch  with 
a  large  seconds  hand,  recorded  the  time  of  transit  of  the 
float  across  the  upper  line,  and  then  followed  the  flag 
with  his  telescope.  At  the  word  "  mark "  given  by  his 
assistant,  when  the  flag  crossed  the  lower  line,  he  recorded 
the  line  and  angular  distance  from  the  base  line.  The 
float  was  picked  up  by  the  lower  boat.  By  this  method, 
the  exact  point  of  crossing  each  section  line,  and  the  time 
of  transit,  were  ascertained.  When  the  velocity  was  not 
too  great,  the  time  was  noted  by  the  engineer  at  the 
lower  station  also,  to  guard  against  error.  A  stop  wat<5h 
was  sometimes  used.  As  it  was  evidently  impossible  to 
observe  floats  daily  in  all  parts  of  the  cross  section,  the 
best  practical  method  was  found  to  adopt  a  uniform  depth 
of  5  feet  for  all  the  floats,  distribute  them  equally  across 
the  entire  river,  and  afterwards  divide  the  resulting 
velocities    into    groups   or   divisions   within   whlcK  t.\\fc 
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variation  of  velocity  was  but  slight;  a  mean  relative 
velocity,  and  a  mean  relative  discharge,  for  each  division 
was  then  computed,  the  sum  of  the  latter  being  an 
approximate  mean  discharge  of  the  river,  which,  when 
divided  by  the  area  of  the  whole  river  section,  gave  a 
mean  relative  velocity  for  the  whole  river.  The  resultinj^ 
discharge,  when  multiplied  by  the  ratio  of  the  velocity  at 
the  assumed  depth  (in  this  case  5  feet)  to  the  mean 
velocity  of  the  whole  vertical  curve,  gave  an  accurate 
mean  discharge  of  the  river  for  that  place  and  day. 

Computation  of  Discharge, — A  separate  plot  of  each 
day's  velocity  measurements  was  made,  in  the  following 
manner : — Lines  were  drawn  upon  section  paper  to  repre- 
sent the  section  lines,  the  base  line,  and  the  water  edges. 
The  distances  from  the  base  line  to  the  points  where  each 
float  crossed  the  section  lines  were  then  computed  by  a 
table  of  natural  tangents,  and  the  points  laid  down  on 
the  plot.  Straight  lines  connecting  the  two  correspond- 
ing points  indicated  the  paths  of  the  floats,  which  were 
of  course  nearly  perpendicular  to  the  section  lines.  The 
number  of  seconds  of  transit  and  the  depth  of  the  floa 
was  inscribed  upon  these  plotted  paths. 

The  diagram  resulting  showed  that  the  velocities  iu 
different  parts  of  the  section  increased  gradually  and  quite 
uniformly  with  the  distance  from  the  banks  until  the 
thread  of  the  current  was  reached,  and,  since  these  veloci- 
ties were  found  to  vary  but  very  slightly  for  distances  of 
200  feet  apart  except  in  the  immediate  vicinity  of  the 
banks,  the  diagram  of  the  daily  velocity  floats  was  divided 
by  parallel  lines  200  feet  apart,  the  first  being  the  base 
line,  and  the  mean  of  all  the  velocities  of  floats  in  each 
division  taken  as  the  mean  relative  velocity  for  that  divi- 
sion and  recorded.  For  the  shore  divisions,  unless  the 
floats  happened  to  be  well  distributed  through  them,  the 
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mean  relative  velocity  was  assumed  to  be  eight-tenths  of 
that  in  the  outer  edge ;  a  rule  deduced  from  a  subdivision 
and  study  of  the  velocity  when  thoroughly  measured  in 
these  divisions. 

For  checking  and  making  interpolations  for  the  defective 
observations  of  any  day  in  a  division,  the  day's  work  was 
also  plotted  in  a  curve  whose  ordinates  were  the  mean 
velocities  of  the  different  divisions,  and  whose  abscissae 
were  the  distances  of  their  middle  points  from  the  base 
line. 

The  river  channel  being  of  a  natural  form,  the  sectional 
areas  of  all  the  divisions  were  unequal,  and  again  the  ratios 
of  these  areas  were  not  constant  for  different  stages  of  the 
river.  Each  divisional  area  was  therefore  multiplied  by 
its  mean  relative  velocity,  and  the  sum  of  the  products 
was  then  the  mean  relative  or  approximate  discharge  of 
the  whole  section  ;  dividing  this  discharge  by  the  total  area 
of  the  whole  section,  the  approximate  mean  velocity  of  the 
river  was  determined.  This  computation  was  made  by 
logarithms,  and  simplified  by  the  use  of  a  table  constructed 
for  the  purpose.  In  order  to  correct  these  discharges, 
which  were  those  due  to  the  velocities  five  feet  below  the 
surface,  it  was  necessary  to  determine  the  value  of  the 
ratio 


U,   -  ^^^  ^  ri  ^  C317  H-'06y)(10r-r')  -251      / 


tv 


and  multiply  them  by  it,  thus  getting  the  true  discharges, 
which,  when  divided  by  their  corresponding  areas  of  cross 
section,  gave  the  final  and  correct  mean  velocity.  The 
numerical  values  of  the  above  expression  or  ratio  were 
obtained  in  the  following  way,  and  put  into  the  form  of 
the  table  given. 
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The  days  on  which  observations  were  made  were  grouped 
according  to  even  feet  of  the  approximate  mean  velocities 
already  computed,  it  being  assumed  that  the  effect  upon 
the  desired  ratio,  produced  by  changes  in  mean  velocity  of 
less  than  one  foot,  might  be  neglected.  Each  group  was 
then  examined  in  connection  with  the  wind  record,  and 
days  were  rejected  until  only  calm  days,  or  those  on  which 
the  wind  blew  directly  across  stream,  or  those  on  which 
when  combined  the  wind  effects  balanced  each  other,  were 
left.  The  resulting  mean  day  in  each  group  was  then 
equivalent  to  a  calm  day,  so  far  as  wind  effect  was  con- 
cerned. The  following  mean  quantities  were  then  deduced 
for  each  mean  day  by  dividing  the  sum  of  the  quantities 
by  the  number  of  days  going  to  make  up  the  mean  day, 
viz.,  an  approximate  mean  velocity  of  the  river  (v),  a  gauge 
reading,  and  hence  a  mean  radius  (r),  and  mean  velocity 
five  feet  below  the  surface  (U),  found  by  taking  a  mean  of 
the  tabulated  velocities  of  all  the  different  divisions. 

These  values  being  substituted  in  the  equation, 

U  =  U^  -  (•]  856  V)*  (^^^j 

putting  also  rf  =  5,  and  making  d^  =  '31 7r,  and 

1-69 

(D 
was  computed  and  obtained. 

Next  this  value  of  11^,  was  introduced  into  the  same  equa- 
tion again  to  obtain  new  values  of  U,  first  for  a  value 
rf  =  0,  secondly  for  a  value  of  rf  =  r,  thus  getting  the 
surface  and  bottom  velocities  denoted  by  U^  and  U^.  Sub- 
stituting for  these  their  values  in  the  following  equation, 
together  with  those  computed  for  11^^  d^  and  r,  the  value  of 
U,H  was  obtained 


6  =  — t-^ =   1856  wlien  D  7  30 ;  the  value  of  U^ 

+  1'5)*  ^ 
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substituting  the  resulting  value  of  U«  in  the  following 
equation : — 

also  those  already  deduced  for  v  and  r  and  d,/alone  remained 
unknown ;  by  givingy  its  value  successively  for  each  of  the 
various  forces  and  direction  of  the  wind,  the  table  at 
Page  107  for  the  stations  was  computed. 

The  approximate  discharge  for  each  day  at  each  station 
was  multiplied  by  the  ratio  in  the  table  most  nearly  corre- 
sponding to  its  approximate  mean  velocity  to  obtain  the 
true  discharge,  from  which  the  true  mean  velocity  was  then 
obtained. 

7.— FIELD    OPERATIONS    IN    GAUGING    CREVASSES  BY 
CAPTAINS  HUMPHREYS  AND  ABBOT. 

The  phenomena  observed  in  the*  discharge  of  water 
through  crevasses,  or  breaks  in  levees  at  seasons  of  high 
water,  were — 

1.  That  the  effect  of  every  crevasse,  even  though  as 
large  as  327  feet  wide  and  15  feet  deep,  along  the  line  of 
levee,  extends  only  for  a  short  distance  from  the  bank ;  in 
the  above  instance,  it  did  not  affect  the  line  of  motion  of 
floating  bodies  passing  200  feet  from  the  natural  bank,  or 
300  feet  from  the  break  in  the  levee. 

2.  Between  the  crevasse  and  the  outer  limit  of  its  influ- 
ence there  is  always  a  movement  of  the  water  towards  the 
break  from  all  points  below  and  above,  which  increases 
towards  the  break,  and  rapidly  diminishes  on  reaching  the 
ground  in  rear  of  the  levee,  where  it  spreads  in  every  direc- 
tion, but  mostly  towards  the  swamps. 

3.  There  is  a  sensible  slope  along  the  course  of  this 
nwvement. 
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4.  In  passing  the  break,  whether  by  a  cascade  or  not, 
the  water  is  higher  in  the  middle  of  the  opening  than  at 
either  side. 

The  following  was  the  ordinary  method  of  comput- 
ing a  discharge.  Knowing,  from  measurements  made 
after  the  cessation  of  the  flow,  the  high-water  depth  of  the 
given  crevasse,  which  was  estimated  on  the  line  of  levee,  if 
no  material  excavation  was  made  there,  and  on  the  batture 
in  front  of  the  levee,  if  holes  were  dug  on  the  line  of  the 
break ; — the  depth  on  the  given  day  was  found  by  sub- 
tracting from  this  high-water  depth  the  stand  of  the  river 
below  high-water  mark — a  quantity  which  was  always 
known  either  from  local  information  or  from  a  comparison 
of  the  nearest  river  gauges.  Taking  D  to  represent  this 
depth,  and  W^  the  maximum  width  of  the  crevasse  after 
cessation  of  flow ;  and  knowing  from  exact  information  the 
date  of  breaking  of  the  levee,  and  that  of  the  cessation  of 
flow,  the  width  of  crevasse  of  any  desired  day  could  be 
computed  ;  and  the  required  discharge  per  second  was  then 
assumed  to  be  equal  to  the  continued  product  of  this  width 
W^  the  depth  D,  and  the  velocity  (v) ;  or  Q  =  W^  x  D  x  v ; 
the  velocity  when  D  was  less  than  4  feet  was  taken 
=2'818  x/D  (Castel's  weir  formula);  and  when  D   was 

17 
greater  than  3  feet,  v  was  taken  =  10  —  jr- 1   ^^^  general 

formulae  for  discharge  corresponding  to  each  case  being 
Q  =  (100  +  7:^4)  ("^"^5")  P  (2-818  VD) 

Q.aoo+ir^)(^^)D(io-^) 

where  n  =  number  of  days  of  discharge  which  have  pre- 
ceded the  given  day,  and  N  =  total  number  of  days  of 
discharge. 
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Coefflctenl  of  correction  for  special  cases  of  crevasses : — 

There  ^.re  cases  in  which  the  conditions  of  the  flow  of 
water  were  considerably  modified  ;  such  as  when  the  levee 
was  so  far  distant  from  the  river  that  the  depth  at  the  edge 
of  the  natural  bank  was  much  less  than  that  at  the  base 
of  the  levee ;  or  when  trees,  a  growth  of  saplings,  or  other 
obstacles  existed  in  front  or  in  rear  of  the  break,  both  of 
these  causing  a  diminution  of  discharge.  So  when  the 
reported  depth  of  crevasse  included  that  of  previously 
existing  excavations  on  the  line  of  levee,  in  these  cases 
the  resulting  calculated  discharge  would  be  too  high,  and  it 
then  became  necessary  to  apply  in  each  case  a  special  coefii- 
cient  of  correction.  The  coefficient  for  crevasses  flowing 
into  the  Yazoo  bottom  was  thus  determined.  The  areas 
of  these  bottom  lands  and  their  watersheds  were  as  follows, 
in  square  miles : — 

Yazoo  bottom     7110 

Yazoo  watershed          ...  6  740 

St.  Francis'  bottom      6900 

St.  Francis*  watershed            3600 

Tennessee  and  Kentucky  bottom      ...  750 

Tennessee  and  Kentucky  watershed  9500  . 

The  yearly  rainfall  in  feet  was — 

At  New  Harmony,  Indiana     ...     3  92 

At  West  Salem,  Illinois 402 

At  St.  Louis,  Missouri     5*18 

Mean  downfall  at  head  of  region    4  38 

At  Memphis,  downfall  for  middle  of  region     ...     442 
At  Jackson,  downfall  for  foot  of  region 4-y9 

feet 

Mean  for  whole  region         460 

Giving  total  yearly  downfall, 

-=-34  600  X  4i)  X  (5280)*=  4  437  120  144  000  cubic  feet. 


Total. 


1^34,600 


Ill 

To  obtain  the  total  yearly  drainage,  the   discharge  at 

Columbus,  together  with  that  of  the  Arkansas  and  White 

Eivers,  was  deducted  from  the  discharge  at  Vicksburg ;  and 

from  this  also  a  deduction  was  made  of  the  river  during 

the  year  between  Columbus  and  Vicksburg  being  lower  by 

a  mean  difference  of  6*8  feet  throughout  a  mean  width 

of  3300  feet  for  589  miles  in  length ;  thus  getting  the 

drainage 

4  372  572  757  200 

Channel  drainage      ...  69  786  604  800 

Total  yearly  drainage       4  302  786  152  400  cubic  ft. 
And  ratio  of  drainage  to  downfall  is  hence 
=  4  302  786  152  400  ^  .gg 

4  437126144  000  ^ 

Next,  the  total  rainfall  for  the  Yazoo  basin,  area 
13  850  square  miles,  for  from  1st  December,  1857,  to 
15th  July,  1858  =  364  feet  x  13  850  (5280)*  = 
1  405  461  657  600  cubic  feet ;  the  mean  rainfall  364  during 
that  time  being  determined  by  register  at  Memphis,  3*19, 
and  at  Jack-son,  4*08  feet ;  applying  to  this  rainfall  the  co- 
efficient of  drainage  before  determined,  the  drainage  from 
the  Yazoo  basin  =  1  849  243  191  300  cubic  feet. 

The  area  of  the  Yazoo  bottom  was  dry  on  the  1st 
December,  1857,  but  at  high  water  15th  July,  1858,  it 
had  a  mean  depth  of  water  of  8*08  feet  over  an  area  of 
6800  square  miles ;  having  received  between  those  dates 
6800  X  (5280)  x  3  08  =  583  885  209  600  cubic  feet, 
and  the  dischai'ge  of  the  channel  of  the  Yazoo,  the  sole 
outlet,  was  measured  during  this  time  =  1  408  665  600  000 
cubic  feet.  Hence,  1  992  550  809  600  cubic  feet  repre- 
sented the  total  quantity  which,  entering  the  Yazoo  basin 
between  those  dates,  eventually  drained  ojff  into  the  Mis- 
sissippi ;  and  the  total  amount  of  overflow  from  the  Mis- 
sissippi basin  into  the  Yazoo  basin  vja&  \^^^^^^^^^^^^ 
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—  1  849  243  191  800  =  648  807  618  800  cubic  feet ;  this 

quantity  as  computed  by  the  uncorrected  crevasse  formula 

was — 

1758  158  600  000; 

hence  the  required  coefficient  of  correction  for  the  formula 

equals  the  former  divided  by  the  latter  =  nearly  ^.     This, 

.  therefore,  holds  good  for  the  crevasses  in  the  district  for 

which  it  is  obtained,  and  the  same  principle  can  be  applied 

to  any  district. 

8.— SYSTEM  PROPOSED  BY  HUMPHREYS  AND  ABBOT 
FOR  GAUGING  RIVERS,  STREAMS,  OR  CANALS  BY 
MEANS  OP  OBSERVED  MID-DEPTH  VELOCITIES. 

The  details  of  field  operation  to  be  adopted  differ  ac- 
cording to  the  size  of  the  river.  1st.  If  the  river  be  small 
and  considerable  exactness  be  required,  the  boat  should 
be  anchored  at  various  equidistant  stations,  the  banks 
being  considered  two  of  them, 'and  the  station  actual 
mid-depth  velocities  measured  by  any  of  the  known 
methods;  the  number  of  stations  being  sufficient  to 
prevent  the  velocity  of  the  water  between  any  two  of 
them  from  varying  materially.  2nd.  In  the  case  of  a  large 
river,  if  the  depth  is  uniform,  sufficient  accuracy  may  be 
obtained  by  observing  the  times  of  transit  of  a  large 
number  of  double  floats  well  distributed  across  the  river 
section,  the  kegs  being  uniformly  sunk  beneath  the  surface 
to  a  depth  equal  to  half  the  hydraulic  mean  radius  of  the 
river.  Should  it  happen  that  the  cross  section  is  not 
sufficiently  uniform  and  symmetrical  to  admit  of  this, 
the  site  or  reach  is  ill  chosen  for  the  purpose.  The 
results  should  then  be  plotted  and  grouped  into  divisions 
of  equal  width,  and  the  mean  result  for  each  division  cal- 
culated, including,  of  course,  interpolated  velocities  should 
Bnjr  be  missing. 
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The  depth  of  water  in  the  river  should  be  noted  on  a 
permanent  gauge-post  during  the  observations,  or  before 
and  after.  By  this  method  the  results  obtained  will  be 
in  the  first  case  absolutely,  and  in  the  second  case  nearly, 
unaffected  by  the  wind,  no  matter  what  its  direction  or 
force  may  be. 

The  method  of  computing  the  discharge  from  these 
observations  will  vary  according  to  the  accuracy  required. 

Mr  at  method, — A  close  approximate  result  may  be  ob- 
tained by  taking  a  mean  of  all  the  different  station  or 
division  mid-depth  velocities,  and  applying  a  coefficient 
of  '95  for  large,  and  '93  for  ordinary  rivers,  to  obtain  the 
mean  velocity  of  the  river.  In  this  method  there  are 
two  causes  of  error  which  very  nearly  balance  each  other, 
namely,  the  inequality  in  area  of  the  different  divisions, 
and  the  difference  between  the  mid-depth  and  mean  velo- 
cities in  any  vertical  plane,  and  the  above  coefficients  meet 
those  errors.  For  a  rectangular  cross  section,  no  coeffi- 
cient is  required. 

Second  method, — If  greater  precision  be  required,  a 
more  accurate  mean  velocity  of  discharge  of  the  river 
(V)  may  be  computed  by  substituting  the  grand  mean  of 
all  the  station  mid-depth  or  division  velocities  for  U,.  in 

the  foUowing  formula, 

^  _  r(108U^-hO()02*)*— 0045*n* 

This  formula  is  deduced  by  substituting  for  XJ«  its  value 
•93v  in  the  general  expression, 

and  reducing  the  resulting  equation. 

As  has  been  already  stated,  when  the  mean  radius 
exceeds  12  feet,  b  zz  '1856,  and  under  any  circumstances 
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6zz       1*69 

"^  , T-=Ti-     Th©    formula  therefore  rives  at  once  v 

(r  +  1-6)*  ^ 

the  mean  velocity  of  the  river;  and  this  simple  method  is 
quite  exact  in  ordinary  river  sections,  though  not  appli- 
cable to  rectangular  sections.     * 

T7nrd  method, — Should  however  a  very  high  degree  of 
accuracy  be  required  for  testing  formulae,  or  constant 
coefficients,  an  amount  of  exactitude  aiSected  only  by 
instrumental  errors  of  observation  may  be  secured  by 
substituting  the  different  observed  division  mid-depth 
velocities  successively  for  Vi>  in  the  formula 

V«,  =  V„  -  ^  («v)* 

and  the  results  will  be  true  values  of  the  mean  velocities 
of  the  different  divisions  in  terms  of  v*  and  known 
quantities.  The  sum  of  the  products  of  these  expressions, 
by  the  oprresponding  division  areas,  should  be  placed 
eqlial  to  the  product  of  v  by  the  total  area  of  the  cross 
section ;  and  this  equation,  involving  v  and  v*  and  known 
quantities,  will  give  two  positive  values  of  v  ;  the  less  of 
which,  corresponding  to  the  actual  case  when  the  velocity 
is  greater  at  the  axis,  is  the  value  of  the  true  mean  velocity 
of  the  river.  This  method,  though  accurate  in  principle, 
is  probably  not  so  good  for  ordinary  purposes  as  the  pre- 
vious more  simple  one,  which  neglects  the  laiter  attempt 
at  extreme  accuracy  and  involves  less  observation,  and 
consequently  less  instrumental  error,  as  well  as  less 
l.ibour. 
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9.~GENERAL  ABBOT'S  METHOD  OF  DETERMINING  ON 
ANY  GIVEN  DAY  THE  DISCHARGE  OF  A  LARGE 
RIVER  THAT  HAS  BEEN  PREVIOUSLY  SURVEYED 
AND    GAUGED. 

The  previous  field  operations  consist  of  a  survey  and 
numerous  soundings  of  a  straight  and  regular  portion  of 
the  channel  between  two  bench-marks,  A  and  B,  fixed 
permanently  near  the  water,  whose  relative  levels  are 
accurately  known.  An  accurate  plan  of  the  river  between 
these  points  is  necessary,  the  mean  cross  section  derived 
from  the  soundings,  and  a  series  of  careful  gau^ings  of 
the  river  on  permanent  gauge-posts.  It  is  desirable  that 
the  course  of  the  river  between  A  and  B  should  be  as 
straight  and  regular  as  possible,  in  order  to  eliminate  to 
the  utmost  the  effect  of  bends,  although  allowances  almost 
invai'iably  must  be  made  on  that  account.  The  points  A 
and  B  should  be  well  chosen,  as  far  apart  as  practicable,  and 
distant  from  any  eddy,  and  be  placed  where  the  current  on 
the  bank  flows  with  equal  velocities.  The  latter  coindtion 
is  necessary,  because  water  in  motion  exerts  less  pressure 
than  when  at  rest,  and  if  it  moves  rapidly  past  one  bench- 
mark, and  is  nearly  stationary  at  the  other,  a  difference 
of  level  independent  of  the  motive  power  of  the  stream 
would  vitiate  the  observations. 

On  the  required  day  the  water  surface  at  each  end  of 
the  reach,  A  and  B,  has  to  be  simultaneously  referred  by 
accurate  levels  to  the  bench-marks,  to  obtain  the  difference 
of  level  of  water  surface  and  the  gauge  depths.  Nothing 
more  is  required.     A  calm  day  should  be  selected. 

The  formula  to  be  used  is  that  given  in  the  paragraph 
on  velocities  : 

V  =  [/\/008U  +  (225  r,  ^s)^  -  '09**2* 
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Vbe  terms  of  which  have  heen  ah-eady  expbuned,  excepting 
# ;  in  this  case  s  is  the  sine  of  the  slope  of  the  water 
sorfiu^  corrected  for  bends,  and  is  obtained  numerically 
by  sabteacting  the  yalae  of  i,  due  to  (effect  of  bends  {mde 
Paragraph  on  Bends)  from  the  total  fall  between  the  level 
stations,  and  dividing  the  difference  by  the  total  distance- 
between  them,  measured  on  the  middle  line  of  the  channeL 
The  "ift**^  of  successive  approximation  must  be 
adopted  to  find  the  value  of  v  in  this  formula.  The 
following  formula  give  the  value  of  each  variable  in  the 
above  equation  in  terms  of  the  others  and  known  quantities; 

taking  Z  =  -93  v+167  y/6v  ond  assuming  /?=1015W, 
should  it  not  have  been  measured — 


W 


J        .    iir        195  fl  v^^o 

and  //  +  W  =  — yy        r 

Far  small  streams. — General  Abbot  modifies  the  above 
formula  into  the  following,  where  v'  is  the  value  of  the 
first  term  in  the  expression  for  v— 

V  =  ly^  0081*  +  (225r,  ^s)  -  -09  ^b] pj:^ 

or  putting  M  =  0081  *  and  M,  =    ^'^ 


1  +J0 
V  =  I  y/m  +  225r,  s/s  -  >/mV-  M'  s/V 

in  which  the  term  involving  M'  may  be  neglected,  for 
streams  larger  than  50  or  100  feet  in  cross  section ;  and 
for  large  rivers  exceeding  12  or  20  feet  in  mean  radius  M 
but  not  y/M  may  be  neglected.  The  follo¥mig  table 
facilitates  the  application  of  the  formula. 
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r. 

M. 

00930 

V* 

M'. 

Log.  M'. 

1 

0-0037 

5 

0-460 

9-602060 

2 

00073 

0-0855 

6 

0-343 

9-535294 

3 

00065 

0-0803 

7 

0-300 

^477121 

4 

00058 

00764 

8 

0-267 

9-426611 

6 

0-0054 

00733 

9 

0-240 

9-380211 

6 

0-0050 

00707 

10 

0-218 

9-338456 

7 

0-0047 

0-0685 

12 

.  0-185 

9-267172 

8 

00044 

0-0666 

14 

0-160 

9-204120 

9 

0-0042 

0-0649 

16 

0141 

9-149219 

10 

0-0040 

0-0634 

18 

0-126 

9-100371 

12 

0-0037 

0-0610 

20 

0-114 

9056905 

14 

00035 

0-0590 

22 

0104 

9017033 

16 

0-0033 

0-0573 

24 

0-096 

8-982271 

18 

0-0031 

0-0558 

26 

0-089 

8-949390 

20 

0-0029 

0-0544 

28 

0-083 

8-919078 

30 

0-0024 

0*0494 

30 

0-078 

8-892095 

50 

0-0019 

0-0437 

50 

0-047 

8^672098 

100 

00013 

0-0369 

100 

0-024 

8-380211 

10.  — TH 

E  exper: 

nviRM*s  C 

»F   D'AR 

DY   KW\y 

BAZIN    ON 

THE  RIGOLES  DE  CHAZILLY  AND  GROSBOIS  IN  1865. 


The  details  of  the  mode  of  conducting  these  experiments, 
which  were  conducted  in  small  channels  under  various 
conditions,  with  the  principal  object  of  obtaining  coeffici- 
ents of  reduction  due  to  various  siixfaceA  oi\)^  ^scA\»si^K;&^ 
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cannot  fail  to  be  interesting  to  those  intending  to  gauge 
channels  of  any  description^ 

The  canal  of  supply  was  Bief,  No.  57,  of  the  Canal  de 
Bourgogne,  from  which  the  water  was  taken  into  a  re- 
ceiving chamber  through  four  iron  sluices,  1™  wide,  and 
being  capable  of  being  raised  0  40°,  having  their  sills  0*60" 
below  ordinary  water  level  of  the  canal.  This  chamber 
was  5-40"  wide  by  1400"  long,  having  its  bottom  OSO"" 
below  the  entrance  sills ;  the  gauge  sluices  opening  from 
it  into  the  channel  of  experiment  were  of  brass,  twelve  in 
number,  each  having  a  section  of  passage  when  opened  of 
0-20"  X  0-20",  and  having  their  sills  040"  above  the  bottom 
of  the  chamber,  and  0*40"  below  the  sills  of  the  entrance 
sluices  before  mentioned.  These  orifices  resemble  those 
of  the  type  employed  by  Poncelet  and  Lesbros,  and  would, 
according  to  them,  require  a  coefficient  of  reduction  of 
discharge  of  0*604,  provided  that  the  effect  of  the  velocity 
of  approach  be  neglected ;  in  this  case,  however,  it  aug- 
mented the  discharge,  and  an  allowance  had  to  be  made 
on  that  account.  The  water  in  the  chamber  was  constantly 
kept  at  a  level  of  O'SO"  above  the  centre  of  the  gauge 
sluices ;  an  appliance  for  showing  the  slightest  variation 
of  its  level  being  continually  watched  by  a  sluice-keeper. 

The  channel  of  experiment  was  450°"  long  before  it  com- 
menced to  bend  towards  the  river  Ouche ;  it  was  water- 
tight, and  was  lined  with  planks  of  poplar  :  its  fall  for  the 
first  200""  was  0*0049  per  metre,  and  for  the  next  250""  was 
0002  per  metre  up  to  the  bend,  after  which  its  fall  to  the 
river  for  the  remaining  146°"  was  0*0084  per  metre.  The 
different  provisional  constructions  for  employing  various 
inclinations,  and  sections  of  different  forms,  were  made 
in  plank  within  this  channel,  the  spaces  being  filled  with 
rammed  stiff  earth.  Nails  were  driven  into  the  bottom  of 
I  the  ebannal  at  various  points  to  serve  as  bench-marks,  from 
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which  every  variation  in  depth  of  water  could  be  obtained 
with  exactitude.  Most  of  the  experiments  were  made  by 
successively  opening  the  twelve  gauge  sluices,  having  one 
fixed  section  and  amount  of  supply  in  each  case,  and  thui 
twelve  results  were  obtained  for  comparison  in  every  experi- 
ment conducted. 

The  velocities  were  principally  observed  by  means  of 
d'Arcy's  gauge-tube,  an  improvement  on  that  of  Pitot ; 
but  in  some  cases  also  by  floats.  The  latter  were  some- 
times simple  wafers,  and  sometimes  pieces  of  wood  or  cork 
weighted  with  lead,  2^  inches  in  diameter,  and  1  inch 
thick ;  their  times  of  transit  over  distances  of  from  40  to 
50  metres  were  noted  by  chronometers  indicating  fifths  of 
seconds,  and  the  mean  of  five  or  more  observations,  in 
which  the  float  following  the  course  of  the  axis  of  the 
channel  was  adopted  as  finally  correct. 

The  following  was  the  mode  of  determining  the  measurement 

of  discharge  at  the  off-take. 

The  coefficient  of  discharge  at  the  four  entrance  sluices 
was  determined  by  closing  the  lower  sluices  and  noting  the 
time  in  which  the  former  filled  the  chamber  to  a  certain 
height ;  in  this  way  the  following  coefficients  were  obtained 
for  a  head  on  the  sill  of  from  0*55"  to  0*70*,  when  one 
single  sluice  was  opened  at  a  time. 

Sluice  raised.  Coefficient. 

OlO" 0-645 

U*JcU      ...  ...  ...  •••   t>*oo<7 

0-30" 0-631 

0-40" 0-621 

When  the  foar  sluices  were  opened  at  once  to  the  fall 
height  0-40",  the  coefficient  was  0-637,  instead  of  0-621. 
It  was  hence  evident  that,  in  order  to  obtain  «.  %TV^<&\«cii(S:^ 
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constant  discbarge,  the  use  of  the  seco:id  set  of  twelve 
sluices  became  absolutely  necessary.  The  conditions  of 
construction  of  the  latter  did  not  however  render  the  con- 
traction complete,  and  hence  the  coefficients  of  Poncelet 
and  Lesbros  were  not  applicable  to  them .  In  order  to  have 
effected  this,  a  chamber  large  enough  to  entirely  annihilate 
all  velocity  would  have  been  necessary,  the  sluices  should 
have  been  farther  apart,  and  their  sills  should  have  been 
at  least  0'60°  above  the  bottom  of  the  chamber.  It  was 
hence  necessary  also  to  determine  the  coefficients  of  dis- 
charge for  these  sluices  by  direct  observation. 

In  June,  1857,  experiments  were  made  with  this  object; 
a  portion  of  the  channel  was  closed  up,  and  filled  by  open- 
ing one,  two,  three,  &c.,  up  to  twelve  sluices  at  a  time,  and 
the  volumes  thus  discharged  in  a  certain  time  carefully 
measured.  The  discharges  per  second  were  in  these  cases 
from  0*103  to  1*242  cm.;  and  when  each  sluice  was 
opened  separately  the  discharges  varied  between  0'1022 
and  0*1057  cm.,  giving  coefficients  varying  from  0*645  to 
0'658.  The  irregularity  of  the  latter  was  considered  due 
to  the  irregularity  of  form  of  the  bottom  of  the  portion  of 
channel  filled  not  allowing  the  exact  volume  to  be  calcu- 
lated: hence  a  mean  coefficient  of  0650  was  adopted  pro- 
visionally for  any  number  of  sluices  open  at  one  time. 
In  1860,  it  was  determined  to  obtain  this  coefficient  with 
greater  exactitude,  and  further  experiments  were  made :  all 
the  practical  details  were  carefully  reinvestigated:  the 
influence  of  the  variations  in  depth  of  the  bief  or  canal 
of  supply  was  eventually  found  to  exercise  no  effect  on  the 
irregularities  ;  the  gauge  used  was  supplanted  by  a  glass 
tube  having  a  mouthpiece  of  1  millimetre  in  diameter,  by 
means  of  which  variations  in  depth  of  water  as  small  as  1 
millimetre  could  be  easily  read.  The  results  under  these 
conditions  were  thus  : — 
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For  a  discharge  from  1  sluice,  the  coefficient  was  0*633 

2  sluices,  „  0-642 

3  „  „  0-646 

4  „    •  „  0-649 

5  „  and  upwards  to  12     0*650 
For  a  sluice  raised  only  0-10"  instead  of  being  fully 

opened,  the  coefficient  was  found  to  depend  on  the  number 

of  other  sluices  open,  thus : — 

When  1  other  is  opened  lull,   the  coefficient  for 


the  partly  opened  one 


IS 


2 
3 

4 


5  and  upwards 


0-660 
0-657 
0-660 
0-662 
0-663 


The  determination  of  the  coefficient  for  reduction  for  the 

gauge-iuhe. 

This  was  effected  by  three  methods^ — 

1st. — By  comparing  the  velocities  obtained  by  means  of 
the  tube  with  the  surface  velocities  shown  by  floats.  The 
data  according  to  the  floats  were  obtained  in  channels  2 
metres  wide,  having  a  discharge  furnished  by  five  sluicea. 
open  at  a  time :  the  results  gave  a  coefficient  varying 
from  0*981  to  1*039  as  extremes,  and  1*006  as  the  meap 
of  all. 

2nd. — By  moving  the  instrument  at  a  known  velocity 
in  a  mass  of  still  water.  The  floats  and  the  gauge-tube 
were  drawn  by  men  for  a  distance  of  450  metres,  each  50 
metres  furnishing  a  set  of  observations  ;  the  obliquities  of 
the  course  of  traction  furnished  the  principal  obstacle  to 
arriving  at  a  very  exact  result.  The  velocities  employed 
varied  irom  0*609  to  2*034  metres,  giving  coefficients  of 
reduction  varying  from  1*015  to  1 '053  as  extremes,  the 
general  mean  of  all  being  V034 :  th\^  was  ooi\s»^^t^^ 
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too  high,  and  the  results  of  this  set  of  observations  were 
therefore  entirely  discarded. 

8rd. — By  measuring  by  means  of  the  gauge-tube  the 
velocities  at  a  great  number  of  points  in  the  transverse 
section  of  the  channel,  and  comparing  the  discharge  cal- 
culated from  these  velociticMi  with  that  determined  by  the 
experiments  previously  described ;  the  points  referred  to 
were  distributed  rectangularly  in  vertical  and  horizontal 
lines ;  the  discharge  of  each  rectangle  was  calculated,  and 
the  sum  of  these  discharges  was  employed  to  obtain  an 
approximate  discharge  of  the  canal.  These  comparisons 
gave  results  varying  from  0*968  to  1'029  as  extremes,  the 
general  mean  of  all  being  0*993. 

The  mean  of  the  means  obtained  by  the  first  and  third 
methods  gave  a  coefficient  of  nearly  unity,  which  was 
therefore  adopted  for  the  instrument  under  trial. 

Having  thus  securely  determined  the  amount  of  dis- 
cliarge  passing  down  the  canal  of  experiment  at  any  time, 
the  levels  .of  the  water  surface  and  its  inclination  being 
attainable  also  at  any  time  with  exactitude,  the  sectional 
area  at  any  point  being  also  known,  and  the  coefficient  of 
reduction  for  the  gauge-tube  being  determined  so  exactly 
that  any  velocity  observed  by  means  of  it  was  absolutely 
correct,  the  experiments  for  obtaining  coefficients  of  dis- 
charge under  different  conditions,  and  for  obtaining  the 
ratio  of  the  maximum  velocity  in  a  section  to  that  of  the 
mean  velocity  of  discharge  in  open  channels  were  under- 
taken. 

The  principcd  results  of  these  experiments. 

The  fiii3t  was  the  determination  of  the  coefficient  A  in  the 

E  S  . 

formula  A  =-=Ffi  where  R  is  the  mean  hydraulic  radius, 

■ 

S  the  inclination  of  the  water  surface,  or  sine  of  its  slope 
aae  metre,  and  V  is  the  mean  velocity  of  discharge. 
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The  coefficient  was  considered  to  vary  in  four  categories 
of  channel. 

Ist. — When  the  bed  and  banks  of  the  channel  are  made 
of  well-planed  plank,  or  of  cement : 

003 


A=0-60015(l  +-^) 


the  data  on  which  this  was  based,  are  those  of  series  No.  2 

of  Bazin's  experiments,  those  of  the  Aqueduc  des  fon- 

taines  de  Dijon  of  d'Arcy,  and  those  of  Baumgarten  on 

the  Canal  Roquefavour. 

2nd. — For  bed  and  sides  of  ordinary  plank,  brickwork, 

or  ashlar : 

/  0*07  \ 

A  =  000019  (  1  +  ^  ) 

the  data  on  which  this  was  based,  were  for  plank,  twelve 
series  of  experiments  of  Bazin,  and  twenty-nine  of 
Dubuat ;  for  brickwork,  the  series  of  experiments  No.  3 
of  Bazin ;  for  ashlar,  those  of  the  Eigole  Mar^ede  Tillot, 
the  Aqueduct  of  Cran,  and  the  series  No.  3  of  experiments 
of  Bazin. 

3rd.— For  channels  of  rubble  : 


A  =  000024(1   +-^) 


this  was  based  on  Bazin's  experiments  on  the  Bigoles  de 
Grosbois,  and  the  Marseilles  Canal. 
4th. — For  earthen  channels: 

A  =  000028  (  1  +  J^  ) 

the  experiments  on  which  this  was  based  were  those  of 
d' Arcy  and  Bazin  on  the  Eigoles  of  Chazilly  and  Grosbois, 
on  the  Marseilles  Canal,  the  Canal  du  Jard,  those  of 
Dubuat  on  the  Hajrne,  of  Funk  on  t\ie^%»fcT,MA  KJm5» 
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of  various  engineers  of  the  French  Fonts  et  Chaussees  on 
the  Seine  and  Saone. 

The  second  result  was  the  following  formula  for  velocity : 

TJ  =  the  mean  velocity  of  discharge. 

Va.=  the  maximum  velocity  observed  in  the  section. 

J=l  +  14v/A?orV,-U=:lVES^ 

or  in  the  form  most  useful  in  the  cases  in  which  maximum 
velocities  are  observed  as  data  for  gauging, 

U  =  V,  —  14  v^ES" 

Using  values  of  A  from  0*00015  to  0*003  the  correspond- 

U 
ing  values  of  ==r  become  thus  : — 


A 

U 

000015       ... 

0-854 

00005 

0-762 

0001 

0-693 

0002 

0-615 

0008 

0566 

The  above  expression,  involving  terms  not  included 
in  that  of  De  Frony  for  the  ratio  of  maximum  to  mean 
velocity  of  discharge,  4^es  not  admit  of  comparison  with 
it ;  but  is  evidently  calculated  to  supersede  it  entirely. 

'  The  reduction  of  both   of  these   results   to   English 
measures  is  given  in  Chapter  I. 


11— THE   GAUGING  OF  GREAT  RIVERS  IN  SOUTH 

AMERICA,  BY  J.  J.  RfiVY. 

The  most  recent  operations  m  gauging  very  large  rivers 

were  conducted  by  J.  J.  Eevy :  the  account  of  these  is 

given  m  Bevy's  **  Hydraulics  of  Great  Kivers  "  (London, 
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1874),  and  includes  a  description  of  the  method  he  adopted 
in  determining  the  discharges  of  the  Parand,  La  Plata, 
Parana  de  las  Palmas,  and  the  Uruguay,  from  which  the 
following  brief  resume  of  operations  is  taken. 

It  seems  to  have  been  a  work  of  some  time  and 
diflSculty  to  find  a  reach  of  the  Parana  sufficiently 
straight  for  conducting  gauging  operations  and  velocity 
measurements  ;  a  hundred  miles  of  the  river  were  searched 
unsuccessfully,  but  at  last  a  reach  straight  for  many  miles 
was  found.  Here  the  river  was  about  a  mile  in  breadth, 
and  the  soundings  showed  irom  5  to  7 1  feet  of  water ;  a 
gauge  fixed  in  the  stream  did  not  show  a  variation  of  level 
in  the  water  surface  of  as  much  as  a  quarter  of  an  inch  in 
twenty-four  hours  ;  and  the  inclination  of  the  water  surface 
in  one  mile,  was  practically  nothing. 

The  fall  observed  by  levelling  for  one  mile  with  a  14- 
inch  level,  on  equidistant  staves  placed  300  feet  apart,  was 
less  than  '01  of  a  foot ;  it  was  therefere  practically  im- 
possible under  the  existing  state  of  the  river  bank,  which 
was  not  adapted  for  levelling,  and  with  the  instruments  at 
hand,  to  carry  out  levelling  operations  with  any  elBfective 
result ;  as  it  would  have  involved  ten  miles  of  levelling  on 
passable  ground,  and  probably  required  also  the  use  of 
superior  instruments, 

A  base  line  of  3000  feet  was  measured  on  the  low-lying 
left  bank  of  the  river,  with  a  steel  tape  of  300  feet ;  and 
lines  were  set  out  at  right  angles  at  each  end  of  it,  to 
give  the  direction  of  a  river-section-line  for  soundings; 
the  prominent  points  in  the  neighbourhood  and  on  the 
river  bank  were  triangulated  and  tied  into  this  base  line. 

It  was  found  that  for  the  surveying  and  triangulation 
work,  either  calm  weather  or  clear  weather  with  a  gentle 
breeze  was  absolutely  necessary ; — ^for  current  observations 
calm  days  only  allowed  of  operations  being  Q»m^  ^ti« 
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The  soundings  on  the  lines  of  section  were  taken  by  the 
lead  and  cord ;  the  length  of  cord  was  measured  by  a  tape 
at  each  sounding,  each  of  these  measurements  taking  one 
minute,  and  the  position  of  each  sounding  was  fixed  by 
angular  observation,  with  a  3 -inch  pocket  sextant  giving 
readings  to  one  minute,  on  the  two  flags,  one  at  each  end  of 
the  base  line.  The  angles  were  observed  in  from  three  to 
ten  seconds  each.  The  number  of  soundings  taken  in  the 
section  varied  with  the  necessity  for  them :  it  was  necessary 
to  show,  and  hence  also  to  find  the  points  in  the  river  bed 
where  there  was  a  change  of  lateral  slope,  however  many 
they  might  be,  but  in  places  where  this  slope  was  regular 
and  gradual,  the  soundings  were  not  considered  necessary 
at  closer  distances  than  irom  one-twentieth  to  one-tenth 
of  the  breadth  of  the  river.  The  section  of  the  Parana, 
where  its  breadth  was  more  than  4800  feet,  was  sounded 
in  two  hours  and  sixteen  minutes,  after  all  the  preliminary 
arrangements,  drilling  of  the  men,  &c.,  had  been  properly 
carried  out. 

In  plotting  the  section,  the  position  of  each  sounding 
was  fixed  both  by  means  of  the  complements  of  the 
angles  observed  at  those  points,  and  the  calculated  dis- 
tances from  the  base. 

The  velocity  measurements  were  made  with  the  screw 
current  meters  previously  described.  As  the  velocities  had 
sometimes  to  be  observed  at  great  depths,  the  ordinary 
method  of  lowering  the  meter  to  its  position  by  sliding  it 
on  an  iron  standard  was  utterly  impracticable,  and  the  fol- 
lowing mode  was  adopted.  The  current  meter  was  attached 
to  one  end  of  a  horizontal  iron  bar,  9  feet  long,  2  inches 
wide,  and  half  an  inch  thick,  which  was  suspended  by 

-chains  passing  through  rings  attached  to  it  from  a  boat 
moored  over  the  required  spot ;  in  order  also  to  prevent 

tiie  current  from  moving  the  bar  from  its  proper  position. 
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cords  from  the  rings  of  the  bar  were  also  attached  to  other 
two  boats,  one  moored  100  yards  up  stream,  the  other  100 
yards  down  stream.  By  these  means  the  current-meter 
could  be  used  with  good  effect  in  water  up  to  100  feet  in 
depth,  and  in  currents  up  to  5  miles  an  hour.  Four  sailors 
were  necessary  in  taking  current  observations  in  this  way. 
The  observations  of  velocity  were  generally  taken  by  an 
immersion  of  the  current-meter  for  about  five  minutes,  the 
time  observed  by  the  watch  being  generally  a  few  seconds 
more  or  less,  which  were  allowed  for  in  the  resulting  cal- 
culated velocity  per  minute ;  a  second  checking  observation 
was  also  generally  made  by  an  immersion  of  one  minute. 
The  instrument  was  put  in  or  thrown  out  of  gear  by  means 
of  a  wire  leading  from  it  up  to  the  boat,  thus  allowing  or 
preventing  the  revolutions  of  the  screw  from  recording 
themselves  on  the  dial  faces  at  any  moment. 

In  the  gaugiiigs  carried  out,  observationB  of  mean  ver- 
tical velocity,  giving  the  mean  velocity  in  any  plane  from 
the  surface  of  the  water  to  the  bottom,  seem  to  have  been 
preferred  wherever  practicable.  For  these  cases,  in  which  it 
was  necessary  that  the  current-meter  should  be  steadily  and 
evenly  lowered  to  near  the  bottom  and  raised  again  to  the 
surface,  it  was  found  necessary  always  to  work  it  from  a 
platform  between  two  boats,  placed  12  feet  apart,  moored  by 
four  anchors,  and  to  have  the  two  suspending  cords  marked 
at  every  3  feet  with  alternately  red  and  white  marks,  as 
guides  to  those  lowering  and  raising  them;  the  cord  attached 
to  the  down-stream  boat  was  not  however  considered  ne- 
cessary in  this  operation,  the  up-stream  cord  prevented  the 
instrument  from  going  far  out  of  the  vertical  direction.  In 
these  operations  the  instrument  was  put  in  gear  by  hand  by 
tightening  a  nut  on  immersion,  and  put  out  of  gear  again 
in  a  corresponding  manner  on  withdrawal  from  the  water. 
In  taking  surface  velocity  observations^  the  cwt^^tr\S!L^\«x 
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was  screwed  on  to  a  wooden  staff,  3  inches  wide  and  half  an 
inch  thick ;  the  revolutions  of  the  screw  continuing  after 
withdraiwal  from  the  water  being  at  once  stopped  by  hand 
so  as  not  to  vitiate  the  record  on  the  dial-face. 

The  determination  of  the'  equation  of  correction  for  such 
current-met^r  was  conducted  in  the  following  way.  It  was 
tested  at  a  low  velocity  by  drawing  it  through  a  distance 
of  189'  &'  in  the  still  water  of  a  reservoir  in  a  time  of  2'  30-' 
giving  a  velocity  of  75*9  feet  per  minute  ;  the  average  of 
these  trials  gave  a  recorded  number  of  revolutions  of  172, 
or  68*8  per  minute :  in  the  same  way  also  it  was  tested  at 
a  high  velocity,  and  showed  176*  13  revolutions  per  minute 
for  a  speed  of  183*64  feet  per  minute.  The  equation  of 
correction  being  that  of  a  straight  line,  two  points  alone 
are  necessary  to  determine  it :  on  referring  these  to  rect- 
angular co-ordinates  on  a  diagram,  and  joining  them,  the 
trye  velocity  corresponding  to  any  number  of  revolutions 
of  the  instrument  could  be  scaled  off  from  the  rectangular 
co-ordinates  to  the  resulting  straight  line.  Or  taking  it 
algebraically,  if  x  and  y,  x^  and  y^,  be  the  corresponding 
pairs  of  co-ordinates  for  low  and  for  high  velocity, 

theny  zz,  ax  -^  by  and^^  =  ax^  +  b\ 
where  a  =  hJ^J-  =  0*9962, 

and  b  =lL+lJ^^fL+A  =  _  6-811 ; 

hence  ^  =  09962  ar  -  6-811, 

or  in  the  form  more  useful  for  obtaining  the  true  velocity, 
X,  from  the  number  of  revolutions,  y, 

X  =  1  00381y  +  6-837. 
Qa  applying  to  this  equation  a  value  of  y  =  O,  we  obtain 
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as  a  result  that  this  particular  instrument  would  cease  to 
record  revolutions  for  a  velocity  of  less  than  6*837  feet 
per  minute. 

Current  Observations. — In  consequence  of  the  rivers 
observed  being  tidal,  and  having  a  variable  current,  it 
was  necessary  to  moor  a  permanent  observatory  at  a 
convenient  point  in  the  deep  part  of  the  river  on  the  line 
of  section,  and  make  hourly  observations  of  the  current 
from  it  throughout  the  day  and  night.  The  tidal  rise 
and  fall  was  also  registered  at  every  quarter  of  an  hour ; 
barometric,  thermometric,  and  wind  observations  were  also 
recorded. 

The  current  observations,  both  surface,  mean,  and  sub- 
surface, were  taken  with  Bevy's  current-meter  from  a 
small  boat  moored  temporarily  fore  and  aft  on  the  line  of 
section  already  sounded,  its  position  in  each  case  being 
determined  by  angular  measurement  with  a  pocket  sextant 
on  the  extremities  of  the  base  line,  which  fixed  it  within  a 
few  inches.  For  this  work  two  sailors,  two  anchors,  and 
several  hundred  yards  of  line  were  necessary.  The 
current  observations  were  taken  at  the  surface,  and  at 
depths  of  4,  7,  10,  16,  and  23  feet,  the  latter  being  one 
foot  above  the  bottom.  The  mean  current  observations 
were  made  three  times  in  each  case,  and  were  found  to 
check  each  other  within  1*6  foot  per  minute  in  observa- 
tions giving  80  feet  per  minute.  The  time  of  day  of  the 
current  observations  was  always  noted,  and  check  observa- 
tions were  also  taken  from  a  fixed  level,  so  that  the  ob- 
served tidal  variation  might  be  applied,  and  the  eflfect  of 
the  tidal  wave — a  disturbing  cause  far  greater  than  that 
due  to  the  inclination  of  the  water  surface  in  the  cases  of 
these  rivers — thoroughly  investigated. 

A  convenient  mode  was  adopted  for  testing  the  stcai^^i;^ 
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ness  of  the  reach  of  the  river  at  the  section  in  which 
the  velocities  were  observed.  The  centre  of  gravity  of  the 
river  section  was  found  and  marked  on  the  drawing,  and 
also  the  centre  of  gravity  of  a  section  whose  depths  repre- 
sented the  surface  currents  in  any  convenient  mode,  either 
feet  per  minute  or  per  second;  the  horizontal  distance 
apart  of  these  two  centres  of  gravity  indicated  the  amount 
of  effect  of  a  bend  in  the  reach  at  that  section.  In  the 
Bosario  section  of  the  Parana  this  was  -3^  of  the  width 
of  the  river,  and  the  section  was  considered  favourable ; 
in  the  Falmas  section  it  was  as  much  as  ^  the  width  of 
the  river,  and  this  was  not  considered  favourable.  In 
cases  where  a  very  straight  reach  is  not  to  be  obt^ed, 
the  position  of  a  section  of  observation  is  recommended  to 
be  taken  at  the  point  of  contrary  flexure  of  two  reaches 
curving  in  opposite  directions. 

The  conclusions  arrived  at  by  M.  Eevy  from  his  study 
of  the  current  observations  on  the  La  Plata,  Parana^ 
Parana  de  las  Palmas,  and  Uruguay,  were — 

Ist.  That  at  a  given  inclination  surface  currents  are 
governed  by  depths  alone,  and  are  proportional  to  the 
latter.  2nd.  That  the  current  at  the  bottom  of  a  river 
increases  more  rapidly  than  at  the  surface.  3rd.  That 
for  the  same  surface  current  the  bottom  current  will  be 
greater  with  the  greater  depth.  4th.  That  the  mean 
current  is  the  actual  arithmetic  mean  between  that  at  the 
surface  and  that  at  the  bottom.  5th.  That  the  greatest 
current  is  always  at  the  surface,  and  the  smallest  at  the 
bottom ;  and  that  as  the  depth  increases,  or  the  surface 
current  becomes  greater,*  they  become  more  equal,  until  in 
great  depths  and  strong  currents  they  practically  become 
substantially  alike. 
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12.— GENERAL  REMARKS  ON  SYSTEMS  OF  GAUGING. 

The  foregoing  brief  accounts  of  the  modes  adopted 
by  various  hydraulicians  in  carrying  out  field  opera- 
tions form  a  far  better  guide  to  the  engineer  about  to 
tmdertake  the  execution  of  gauging  operations  than  any 
arbitrary  advice,  or  set  of  rules,  could  possibly  be ;  the 
author  may,  however,  be  permitted  to  make  a  few  remarks 
in  conclusion.  It  is,  of  course,  assumed  that  the  most 
advisable  mode  of  proceeding  in  one  case  might  not  be 
applicable  to  another,  and  that  the  method  of  gauging 
should  be  suited  to  the  general  object,  the  place,  and  the 
circumstances.  When  the  object  is  of  an  experimental 
nature,  having  scientific  results  in  view,  the  experi- 
mentalist himself  is  the  best  judge  of  Hhe  mode  most 
suited  to  his  object.  Most  gauging  operations,  however, 
have  for  their  purpose  the  determination  of  the  discharges 
of  a  river,  or  of  canals,  with  as  little  labour  and  expense, 
and  in  as  short  a  time  as  anything  approaching  to 
accuracy  of  result  will  admit ;  in  these  cases  the  amount 
of  accuracy  required  is  that  which  fixes  the  mode  to  be 
adopted. 

1.  The  most  rapid  and  least  accurate  mode  of  deter- 
mining the  discharge  of  a  river  or  canal  at  a  certain  place 
and  time  is  that  which  dispenses  with  velocity  observations, 
and  makes  use  of  a  calculated  velocity  formula  as  a  substi-' 
tute.  The  dimensions  of  two  parallel  sections  of  a  straight 
reach  of  the  channel  are  measured,  the  inclination  of  the 
water  surface  between  the  two  is  levelled,  and  the  nature 
and  quality  of  the  bed  and  banks  are  noted ;  these  data 
enable  the  discharge  to  be  calculated  by  the  aid  of  the  most 
modem  and  most  correct  formula  with  a  certain  amount 
of  approximate  truth.    The  point  now  to  b^  c^tnssv^^\»^ 
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is  what  amount  of  exactness  may  be  reasonably  expected 
from  the  practical  application  of  this  method. 

The  Kutter  formula  for  mean  velocity  of  discharge  (for 
metres), 


V  =  c^y/  ES    ;  where  c^  = 


1       tP 


v/E 

oo    .    1    ,  -00155         ,  ^  /  OQ  _L.  '00155  X 

2r  =  23  +  ^  +  — g— ;  and  a?  =  /  (^  23  +   — g —  j 

seems  theoretically  to  leave  nothing  more  to  be  desired, 
except  perhaps  a  simplification  of  form  not  attainable  in 
the  present  state  of  hydraulic  science.     It  is  applicable  to 
channels  of  all  dimensions,  from  the  smallest  distributary 
or  rigole  to  that  of  the  Mississippi ;  and  can  be  applied 
to  channels  of  any  material,  from  weed-covered  earthen 
beds  to  cut  stone  and  carefully  planed  plank,  the  data  on 
which  it  is  most  carefully  based  being  those  of  numerous 
experimentalists.     The  functions  or  terms  involved  are 
only  three,  E,  S,  and  /,  of  which  the  two  former  can  in 
most  cases  be  readily  and  suflBiciently  exactly  observed  in 
practice ;  the  great  diflBculty,  however,  lies  in  the  deter- 
mination of  the  third  function.     An  examination  of  the 
general  and  the  local  values  of/,  given  at  page  Ixix.  of  the 
Working  Tables,  will  explain  this.     Among  the  general 
values  suitable  to  beds  of  special  construction,  from  well 
planed  plank  to  rubble,  the  value  of  /ranges  from  0*009 
to  0*017 ;  and  the  gradations  of  roughness  or  quality  of 
surface  are  clearly  marked  by  the  corresponding  values  of 
/,  the  greatest  gap  being  the  diflference  between  00 13  for 
ashlar  and   0  0 17   for  rubble,  a  difference   that  can  be 
easily  worked  up  to  in  practice  without  any  likelihood  of 
important  error.     It  would  hence  appear  that  there  would 
be  no  diflBculty  in  practice  of  determining  discharges  with 
fair  accuracy  by  means  of  the  above  calculated  velocity 
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formula  for  channels  constructed  in  such  artificial 
materials.  It  is,  however,  in  the  cases  more  usual  in 
practice,  namely,  in  those  of  canals  having  earthen  beds 
and  banks,  and  in  natural  river  channels,  that  the  values 
of/  offer  so  wide  a  range  of  choice,  that  the  calculated 
discharge  might  involve  serious  error  as  the  result  of  the 
adoption  of  an  unsuitable  coefficient.  Tor  earthen  canals 
the  values  of /range  from  0020  to  0035,  the  gradations 
of  which  are  far  from  being  yet  sufficiently  definitely 
marked;  and  for  local  values  the  range  is  about  the 
same.  It  would  seem,  therefore,  that  in  these  cases  it 
would  be  necessary  to  determine  by  velocity  measurement 
the  discharge  of  the  river  or  canal  under  consideration,  and 
thence  deduce  a  value  of  /  suitable  to  it  before  the  above 
method  could  be  applied  for  obtaining  its  discharge  at  any 
time  or  place  with  sufficient  accuracy ;  or,  in  other  words, 
the  actual  gauging  must  be  done  before  this  mode  of 
procedure  can  be  adopted.  In  the  future  we  shall 
probably  have  the  values  of  this  function  more  definitely 
laid  down,  and  we  shall  then  be  able  to  make  use  of  this 
method  more  readily,  and  with  greater  confidence  in  the 
results ;  now  we  have  only  the  present  amount  of  informa- 
tion to  guide  us,  and  are  hence  unavoidably  forced  into  a 
•  certain  amount  of  velocity  measurement  as  a  means  of 
correctly  gauging  canals  and  river  channels  in  earth. 

2.  Assuming,  therefore,  that  velocity  measurement  is  ab- 
solutely unavoidable,  the  question  next  arises^  what  is  the 
least  amount  of  it  necessary  in  determining  a  discharge  ? 
The  results  of  Bazin,  determining  the  relation  between  the 
maximum  velocity  in  a  section  and  its  mean  velocity  of 
discharge,  give  the  readiest  solution  of  this  problem, 
formulae  are  for  metres, 

-'  =  1  +  14  v/"A  ;  or  V,-  U  =  14  >/ RS 
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where  Y,  » tUe  maximnm  velocity,  and  U  « the  mean 
velocity  of  discharge ;  and  it  is  evident  that  hy  comhining 
with  this  formula  the  miore  modem  coefficients  of  Kutter, 
we  can  with  the  aid  of  only  a  few  observations  of  maximum 
velocity,  arrive  at  a  mean  discharge  with  rapidity,  and  a 
fair  amount  of  accuracy,  and  be  afterwards  able  to  deter- 
mine a  discharge  at  any  time  under  the  same  local  condi^ 
tions  by  means  of  the  ordinary  calculated  velodty  formula 
and  the  Kutter  coefficient  already  mentioned,  without  the 
use  of  more  velocity  observations.  The  reduction  of  these 
equations  to  English  measures  is  given  at  page  38,  Chapter  I. 

It  is  extremely  probable  that  this  mode  of  gauging  will 
be  more  universally  adopted  in  future,  and  that  a  large 
series  of  observations  wiU  throw  more  Ught  on  the  relation 
of  the  maximum  velocity  to  the  mean  velocity  of  discharge, 
and  enable  it  to  be  determined  with  greater  accuracy  than 
is  at  present  possible.  Observers  are  therefore  recom- 
mended to  keep  in  view  in  all  gaugings  conducted  on  thia 
principle,  not  only  the  sectional  position  of  the  maximum 
velocity  in  a  section,  which  may  be  conjGined  to  a  single 
point  either  in  the  middle  of  the  channel  at  the  surface,  or 
at  a  few  feet  below  it,  around  which  the  velocities  may 
diminish  in  section  rather  suddenly,  or  may  extend  with 
but  little  diminution  over  an  important  portion  of  the 
section,  but  also  the  locus  of  maximum  velocity,  or  its 
depth  below  the  water  surface,  which  may  vary  sensibly  in 
a  long  reach  of  river ;  this  inclination  of  the  locus,  as  well 
as  the  amount  of  section  of  very  high  velocity,  being  data 
that  will  probably  aid  eventually  in  determining  the  ratio 
of  maximum  to  mean  velocity  of  discharge  with  greater 
precision. 

8.  The  next  mode  of  gauging  that  seems  most  applicable 
to  ordinary  rivers  is  one  of  the  modes  recommended  by 
Captains  Humphreys  and  Abbot.   Tliis,  however,  involves  a 
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greater  amount  of  velocity  observation,  and  at  the  same 
time  requires  the  velocities  to  be  observed  at  a  greater 
depth,  for  which  all  descriptions  of  current-meters  are 
not  applicable. 

The  velocities  are  all  observed  at  a  uniform  depth  equal 
to  half  the  hydraulic  radius  of  the  section,  and  at  equal 
distances  judiciously  chosen  across  the  line  of  section ;  and 

the  mean  of  these  velocities  ^r  is  taken : — the  mean  velo- 
city  of  discharge,  v,  is  then  obtained  in  the  formula, 

t;  =  [  (  1-08  U,  +  '0026  )*  -  -045  ^J  ]* 

where  6  =  -. :r^r\i 

{r  +  1-5)*. 

This  mode  should,  however,  be  limited  to  ordinary  and 
large  rivers ;  in  fact,  the  application  of  any  of  the  Missis- 
sippi data  or  formulae  to  artificial  channels  or  small  streams 
cannot  be  recommended. 

4.  The  next  further  attempt  at  accuracy  in  river  gauging 
involves  a  complete  investigation  of  the  whole  of  the  velo- 
cities in  the  channel  section ;  the  velocity  at  every  point 
in  the  cross  section  should  be  known  and  plotted  on  a  dia- 
gram, they  can  then  be  grouped  into  divisions  of  the  section 
by  vertical  and  horizontal  lines  within  which  the  variation 
of  velocity  is  not  important :  a  mean  velocity  for  each  divi- 
sion is  calculated  and  multiplied  by  the  area  of  that  division 
to  obtain  its  discharge ;  the  sum  of  these  discharges  is  the 
discharge  of  the  whole  section.  Such  detailed  observations 
when  carried  out  on  an  extended  scale  involve  a  large 
amount  of  labour,  care,  and  skilled  personal  superintendence, 
but  at  the  same  time  afford  results  not  only  valuable  as 
regards  the  determination  of  the  discharges  of  the  river 
specially  under  consideration,  but  also  as  records  of 
hycbaulic  experiment  aiding  in  the  progress  of  science. 
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1.— ON  MODULES. 


Hydraulic  engineers  not  having  yet  arrived  at  a  perfect  module 
for  measuring  the  amount  of  water  drawn  ofif  in  an  open  channel 
for  irrigation  or  other  purposes  from  an  open  canal  or  reservoir, 
under  a  varying  head  of  pressure,  it  is  a  matter  of  some  interest  to 
examine  the  older  types  of  design  of  modules  thatliave  been  used 
at  various  times,  and  in  various  countries,  before  going  on  to  those 
of  more  modem  form.  The  designs  being  necessarily  simple,  they 
will  be  found  perfectly  comprehensible  by  means  of  description 
without  the  aid  of  drawings  or  diagrams. 

Piedmont  appears  to  have  been  the  birthplace  of  modules,  for 
although  irrigation  is  essentially  Oriental  in  origin,  owing  to  its 
extreme  reproductive  power  in  hot  climates,  and  though  it  was 
introduced  into  Europe  by  the  Moors,  we  do  not  find,  either  in 
India  or  in  Spain,  where  portions  of  these  works  still  exist,  anything 
approaching  to  a  module.  The  systems  employed  in  carrying  out 
irrigation  almost  prove  that  they  had  not  such  a  thing  at  all.  In 
India  the  practice  seems  to  have  been  to  turn  water  on  to  a  field 
until  either  the  landowner  or  the  tumer-on  of  water  was  satisfied, 
or  perhaps  rather  until  the  landowner  was  satisfied  that  he  could 
get  no  more.  No  doubt  this  was  the  best  plan  to  start  with,  as 
the  object  of  irrigation  was  to  water  the  fields  sufficiently,  and  the 
landowner  being  the  best  judge  as  regards  how  much  water  was 
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required  for  his  crop,  this  mode  insured  the  observation  of  the 
proper  persons.  This  plan  was,  however,  open  to  one  very  serious 
objection ;  when  the  landowners  discovered  that  an  extra  amount 
of  water  beyond  that  strictly  necessary  for  the  crop  was  in  some 
cases  capable  of  increasing  the  amount  of  produce  to  a  small  degree, 
they  would  take  more  water,  either  by  stealth  or  otherwise ;  the 
amount  of  perpetual  squabbling  on  this  subject  would  then  have 
been  very  large,  had  it  not  been  for  the  fact  that  in  Oriental  coun- 
tries irrigation  works  were  made  by  rajahs,  emperors,  or  chiefs, 
whose  despotic  rule  and  despotic  institutions  supplied  a  very  prac- 
tical limit  in  such  matters^ — ^moral  or  physical  force . 

In  Spain^  under  Moorish  rule,  it  is  probable  that  this  useful  sub- 
stitute for  modules  was  also  in  vogue;  but  in  the  huertas  or  irrigated 
lands  of  Spain  in  more  modem  times  and  under  Christian  rule,  the 
water  being  the  joint  property  of  several  villages  that  combined  to 
keep  the  works  in  order,  and  legislated  for  themselves  about  the 
distribution  of  the  water,  the  first  great  step,  the  just  division  of 
the  water  on  a  large  scale  among  the  several  villages,  had  to  be 
regularly  carried  out.  The  canals  being  comparatively  small,  a 
proportional  division  was  effected  by  equalizing  the  size  of  a  certain 
small  number  of  outlets  from  the  main  canal  into  the  subsidiary 
channels,  one  village  thus  taking  a  fourth  or  a  sixth  of  the  total 
volume  of  water  passing  down  the  canal. 

In  Piedmont  the  conditions  were  different ;  the  country  being 
hilly,  and  the  water  taken  from  streams  and  torrents  having  a  con- 
siderable fall,  water  power  was  extensively  used  for  driving  com 
mills.  It  is  probable  that  there  were  a  few  water-driven  com  mills 
both  in  India  and  in  Spain,  but  there  such  mills  would  be  public 
institutions,  the  miller  being  a  servant  of  the  community,  generally 
living  on  a  fixed  income,  or  yearly  pay,  given  either  in  kind  or  in 
money  by  all  the  neighbouring  villages  using  the  mill.  In  Pied- 
mont the  mills  were  the  private  property  of  individuals,  as  they 
are  at  the  present  day  in  Europe ;  hence  it  was  there  that  the  first 
unit  of  water  measurement  was  arrived  at — the  amount  of  water 
enough  to  drive  a  com  mill,  which  were  probably  then  and  there  of 
about  the  same  size  and  requirements.  This  amount  of  water  then 
assumed  a  technical  name,  the  ruote  d!  acqtui:  the  same  thin^in. 
Lombardy  being  called  a  rodiginey  in  Modena  a  mOidtuL^voLVfi^^^ 
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Pyrenees  a  moulan — the  same  eiroainstances  in  yarions  places 
leading  to  the  adoption  of  a  similar  unit  of  measurement,  which 
was  naturally  rather  yariable.  In  Piedmont  the  amount  was  gene- 
rally about  12  cubic  feet  per  second,  and  was  supplied  by  an  outlet 
19  in.  to  20  in.  square,  the  water  issuing  free  from  pressure  at  the 
surface  leyel.  The  next  step  was  the  introduction  of  a  smaller 
unit  of  measurement  for  purposes  of  irrigation  for  discharges  under 
pressure,  the  Piedmontese  oncia ;  which  was  a  rectangular  outlet 
6*04  in.  broad,  6*72  in.  high,  having  a  head  of  water  8*86  in.  above 
the  upper  edge  of  the  outlet ;  its  discharge  was  0*85  cubic  feet  per 
second,  and  this  was  the  immediate  parent  of  the  Piedmontese 
module,  and,  as  fiur  as  we  know,  the  ancestor  of  all  modules. 

Piedmontese  Modules. — These,  the  most  perfect  type  of  which  is 
that  of  the  Sardinian  code,  were  designed  or  intended  to  fulfil  the 
following  conditions:  that  the  water  should  issue  from  the  outlet  by 
simple  pressure,  that  this  pressure  should  be  maintained  practi- 
cally constant,  that  the  outlet  should  be  made  square  in  a  thin  plate 
having  yeriical  sides,  that  the  issuing  water  should  have  a  free  fall, 
unimpeded  by  any  back-water,  and  that  the  water  of  the  canal  of 
supply  should  rest  with  its  surfisice  free  against  the  thin  wall  or 
stone  slab  in  which  the  outlet  was  formed.  The  following  is  a 
description  of  the  general  type.  The  water  is  admitted  through 
a  sluice  of  masonry,  having  a  wooden  shutter  working  vertically, 
into  a  chamber  in  which  the  water  is  supposed  to  lose  all  its  velocity 
and  is  kept  to  a  fixed  level  mark  by  raising  or  lowering  the  shutter ; 
the  chamber  is  of  masonry  and  has  its  pavement  on  the  same 
level  as  the  sill  of  the  sluice,  the  regulating  outlet  from  this  cham- 
ber being  an  orifice  7*854  in.  square,  having  its  upper  edge  fixed 
at  7*854  in.  below  the  fixed  water-level  mark  of  the  chamber. 
Its  discharge  is  2*04  cubic  feet  per  second.  If  a  larger  dis- 
charge at  one  spot  be  required,  the  breadth  of  the  outlet  is 
doubled  or  trebled,  the  other  dimensions  remaining  unaltered. 
Such  are  the  sole  unalterable  conditions  or  data  of  this  module ;  all 
its  others  seem  to  have  varied  very  greatly ;  its  sill  is  sometimes 
at  the  level  of  the  bed  of  the  canal  of  supply,  sometimes  above  it, 
and  sometimes  below  it,  in  which  case  a  slight  masonry  incline 
wssr  made  6xun  the  bed  down  to  it ;  the  length  and  breadth  of  the 
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chamber  vary  greatly,  the  former  from  16  ft.  to  36  ft.,  its  form 
being  circnlar,  oval,  or  pear-shaped  ;  the  side  walls  splaying  oat» 
wards  sometimes  close  up  to  the  sluice,  sometimes  not  till  near  the 
regolating  outlet,  the  object  being  to  destroy  the  velocity  of  the 
water  within  the  chamber.  The  lower  edge  of  the  regulating  outlet 
is  generally,  bat  not  always,  placed  at  9'826  in.  above  the  floor  of 
the  chamber.  The  paved  floor  of  the  chamber  is  in  many  cases, 
but  not  in  all,  continued  at  the  same  level  beyond  the  outlet. 

The  practical  advantages  of  this  type  of  module  consist,  therefore, 
in  having  a  chamber  in  which  the  water  can  be  kept  to  a  constant 
level,  and  from  which  the  water  can  issue  under  a  constant  head 
of  pressure  through  a  regulating  orifice  of  fixed  dimensions. 

Milanese  Modviea. — The  modvlo  magistrale  of  Milan  is  the 
most  improved  type  of  Lombardian  modules,  the  modvlo  of  Cremona 
and  the  quadretto  of  Brescia  being  very  inferior  to  it  in  design ;  its 
principal  advantage  over  the  Piedmontese  modules  being  the  fixity 
of  dimension  of  almost  all  its  parts ;  in  other  respects  it  resembles 
it  very  much,  the  principal  diflerences  being  that  the  water  cham- 
ber is  always  rectangular  and  covered  with  slabs,  and  is  hence  called 
the  covered  chamber,  that  its  flooring  has  a  reverse  slope  in  order 
to  deaden  velocity,  and  that  the  masonry  channel  beyond  the  regu- 
lating outlet  has  fixed  dimensions  also,  a  portion  of  it  being  called 
the  outer  chamber.  As  to  its  general  arrangements,  the  sluice  of 
supply  has  its  sill  invariably  on  a  level  with  the  bottom  of  the  main 
canal,  which  is  paved  with  slabs  near  it ;  the  breadth  of  the  sluice 
is  the  same  as  that  of  the  regulating  or  measuring  outlet;  the 
sluice  gate  is  worked  by  lock  and  level,  being  fixed  and  locked  at 
any  required  height  by  catch  lock  and  key.  As  to  dimensions,  the 
covered  chamber  is  20  ft.  long,  its  flooring  having  a  rise  of  1*76  in. 
in  that  length,  and  its  breadth  is  1*64  ft.  more  than  that  of  the 
sluice  of  supply,  that  is,  82  ft.  more  on  each  side ;  the  lower  sur- 
face of  its  covering  of  slabs  or  planks  is  fixed  at  8*98  in.  above  the 
upper  edge  of  the  regulating  outlet,  which  is  the  height  to  which 
the  water  must  be  kept  to  secure  the  fixed  discharge.  In  order  to 
gauge  the  water  in  the  chamber,  a  groove  is  made  in  the  masonry 
so  as  to  allow  a  gauge  rod  to  be  introduced  within  at  the  sill  of  i]b& 
sluice,  which  will  read  27*61  in.  of  water  a\K>^e  \S[i<&  viSL^^^^^si^^ 
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proper  head  of  pressnre  exists ;  should  it  read  more  or  less,  the 
slnice  gate  mnst  be  raised  or  lowered.  The  onter  chamber  is  7*86 
in.  wider  than  the  measuring  or  regulating  outlet,  its  total  length 
17'79  ft.;  its  side  walls,  which  like  those  of  the  coyered  chamber  are 
vertical,  have  a  splay  outwards,  so  that  the  width  at  the  farther 
end  is  11*72  in.  greater  than  at  the  outlet  end,  that  is  to  say,  it 
is  there  equal  in  width  to  the  covered  chamber.  To  insure  a  free 
fall,  the  flooring  of  the  outer  chamber  is  1*96  in.  below  the  lower 
edge  of  the  outlet,  and  has  besides  a  fall  of  1*96  in.  in  its  length 
of  17*72  ft. 

The  total  length  of  the  module  is  nearly  87*75  ft.,  but  its  breadth 
is  variable,  according  to  the  amount  of  discharge  required.  If  in- 
tended to  discharge  a  Milanese  oncia  magistrale,  the  Milanese  unit, 
which  varies  from  1*21  to  1*64  cubic  feet  per  second  according  to 
different  computations,  averaging,  1*6  cubic  feet  per  second,  the 
measuring  outlet  is  7*86  in.  high  and  4*12  in.  broad,  under  a  con- 
stant head  of  pressure  of  8*98  in. ;  the  breadth  of  the  covered 
chamber  being  26*64  in.,  and  the  breadths  of  the  open  chamber 
18*76  in.  and  25*64  in. 

It  is  essential  to  the  effective  operation  of  the  regulating  sluice 

that  the  difference  of  level  between  the  water  in  the  canal  and  that 

in  the  module  be  at  least  7*86  in. ;  and  as  the  height  of  water  in 

the  latter  must  be  27*61  in.,  the  depth  of  water  in  the  canal  must 

never  be  less  than  85*87  in.  or  8  ft.,  in  order  to  allow  the  module 

to  work  properly.     The  following  are  the  relative  levels  of  the  parts 

of  the  module,  referred  to  the  bottom  of  the  main  canal  as  a 

datum : 

Inches. 

Water  surface  in  the  interior  of  the  module  27*51 

Upper  edge  of  the  measuring  outlet        ...  28*58 

Upper  end  of  flooring  of  open  chamber     . . .  18*75 

Lower  end  of  the  same      11*79 

Such  is  the  type  of  the  Milanese  modules,  the  dimensions  being 
suitable  for  a  discharge  of  1*5  cubic  feet  per  second ;  unfortunately, 
in  point  of  fact,  the  type  has  been  rarely  rigidly  adhered  to,  and 
thus  its  advantages  as  a  universal,  or  even  as  a  local  water  standard 
have  been  comparatively  thrown  away  in  practice.  Its  use,  how- 
erer,  establiBbed  a  diecoYery  that  was  at  that  time  very  important, 
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Tiz.,  that  larger  outlets  gave  a  greater  discharge  than  that  due  to 
the  proportion  of  their  section  for  small  ones ;  it  was  therefore 
determined  that  no  single  outlet  of  a  module  should  he  made  for  a 
discharge  of  more  than  eight  oncia  or  12  cubic  feet  per  second ; 
and  when  a  greater  discharge  was  required,  two  or  more  separate 
outlets  were  to  be  used  in  combination.  A  gauge  post  was  also 
found  to  be  necessary  in  order  to  enable  the  water  guardians  to 
adjust  the  sluice  accurately. 

The  principal  defect  of  the  Milanese  modules  is  that,  owing  to 
the  rush  of  water  from  the  canal,  it  is  nearly  impracticable  to  keep 
a  constant  head  of  pressure  on  the  measuring  outlet ;  besides  this, 
sand  and  fine  silt  vitiate  the  accuracy  of  amount  of  discharge. 

Such  are  the  comparatively  ancient  modules,  the  Milanese 
modulo  magistrale  being  the  most  improved  one  of  them.  Their 
type  has  been  very  much  adhered  to  in  modern  times ;  that  of 
Messrs.  Higgin  and  Higginson  on  the  Henares  Canal  may  be  con- 
sidered as  the  greatest  improvement  that  can  be  made  on  them, 
without  departing  from  that  type.  In  this  module,  the  entrance 
by  a  sluice  into  a  chamber  for  destroying  velocity  has  been  pre- 
served, but  the  exit  is  an  overfall,  and  hence  more  susceptible  of 
exact  measurement  of  discharge ;  the  means  applied  to  deaden  the 
velocity  of  entrance  are  again  different. 

The  entrance  into  the  channel  through  a  wall  is  a  passage 
23*6  in.  (*6  metre)  square,  regulated  by  a  well  fitting  cast-iron  door 
raised  by  a  screw ;  the  chamber  is  rectangular,  10*37  ft.  long,  by 
7*20  ft.  wide  below,  9*20  ft.  above,  the  side  walls  having  a  batter 
of  1  in  6.  The  bottom  of  the  chamber  is  horizontal  and  at  a 
level  72  feet  below  the  sill  of  the  entrance  sluice.  To  deaden  the 
action  of  the  water,  a  partition  of  masonry  grating  is  built  across 
the  chamber  at  a  distance  of  4  ft.  from  the  wall,  and  5  ft.  from  the 
overfall  wall  of  exit,  it  is  1*37  ft.  broad,  and  has  eight  slits  or  ver- 
tical passages  not  cross-barred,  each  slit  being  5*4  in.  wide.  The 
water  having  been  deprived  of  all  action  by  passing  through  this 
arrangement,  enters  the  second  portion  of  the  chamber,  and  then 
passes  over  a  weir  having  an  iron  edge  6*56  ft.  (2  metres)  long, 
fixed  nearly  on  a  level  with  the  top  of  the  entrance  sluice,  or  2  ft. 
above  its  sill.  The  discharge  required  for  irrigation  bemg  never  to 
exceed  176  litres  or  6*22  cubic  feet  per  second,  \3ckf^  dsr^^  ^\i^^ 
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weir  sill  will  thdieCoM  never  exceed  *5  ft,  the  sluice  opening  being 
1*97  ft  Bqnare. 

There  are  two  small  side  walls  having  a  batter  from  above  on 
either  side  of  the  sliiice  entrance,  these  walls  projecting  into  the 
main  canal,  in  order  to  protect  the  entrance  and  prevent  silt  from 
accumnlating  there,  which  otherwise,  and  perhaps  even  in  any 
ease,  wonld  have  to  be  dug  out  occasionally.  In  order  to  keep  the 
chamber  in  proper  working  order,  a  keeper  mast  be  employed,  and 
a  gauge  post  erected  in  the  canal,  with  reference  to  which  he  lowers 
or  raises  the  sluice,  and  keeps  the  water  in  the  chamber  always 
at  a  fixed  level. 

It  is  evident  that  the  changes  may  be  rung  on  this  species  of 
module  to  a  great  extent  without  e£fecting  great  improvement,  by 
increasing  the  number  and  altering  the  positions  of  the  sluices  and 
overfidls,  and  modifying  the  arrangement  for  deadening  the  action 
of  the  water.  This  has  been  done  in  many  cases  without  much 
result ;  it  is  hence  not  worth  while  to  bring  forward  other  examples 
of  this  type. 

Although  some  of  theso  are  complicated  in  form,  as  well  as 
much  varied  in  detail,  the  types  are  exceedingly  simple ;  they  all 
require  the  occasional  attendance  of  a  keeper  for  adjusting  them 
according  to  the  variation  of  pressure ;  they  are  made  of  brickwork 
and  masonry,  and  consist  of  a  series  of  open  passages  and  covered 
chambers  connecting  orifices  and  overfalls.  It  is  quite  evident  that, 
except  under 'special  circumstances,  such  modules  are  far  behind 
the  wants  of  an  age  that  economizes  labour,  attendance,  and  super- 
vision wherever  possible. 

Self-acting  Modules. — A  module  to  be  of  any  use  now  must  in 
the  first  place  be  self-acting.  Nor,  indeed,  is  this  all.  A  large 
number  of  self-acting  apparatus  for  regulating  the  supply  or  flow 
of  water  have  been  designed  and  used,  but  three-quarters  of  them 
do  not  answer  all  the  purposes  required  of  them  at  present.  Some 
are  large,  some  expensive,  others  involve  a  large  expenditure  in 
protective  or  additional  large  chambers,  others  are  complicated  and 
liable  to  get  out  of  order,  and  others  involve  a  great  loss  of  head, 
which,  in  the  case  of  their  application  to  irrigation  canals  of  small 
JbH,  is  an  insarmountable  objection.    The  worst  of  them  may  be 
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said  to  be  those  that  fiedl  in  their  main  object  in  producing  practical 
accuracy  of  discharge.  With  all  these  objections  to  deal  with,  it  will 
not  be  necessary  to  do  more  than  make  passing  comments  on  the 
greater  number  of  them,  and  the  principles  inyolyed  in  their  design 
and  construction. 

We  will,  however,  first  mention  the  requirements  of  a  good 
module.  The  primary  consideration  is  that  under  all  ordinary  cir- 
cumstances the  discharge  may  be  practically  constant  and  correct, 
that  is,  should  not  be  liable  to  vary  more  than  6  per  cent. ; 
secondly,  that  it  should  be  very  simple  in  construction  and  appli* 
cation;  thirdly,  that  it  should  not  be  liable  to  derangement; 
fourthly,  that  it  be  portable,  easily  applied  and  removed  from  any 
portion  of  the  canal  without  involving  much  waste  or  loss ;  fifthly, 
that  it  should  not  involve  much  loss  of  head,  and  that  it  should  be 
able  to  drain  the  main  canal  or  basin  of  supply,  down  to  a  level  of 
one  foot  above  its  bed,  and  deliver  water  if  need  be  as  high  as 
within  one  foot  of  fall  level  in  the  canal ;  sixthly,  that  it  be  inex- 
pensive, not  costing  in  England  more  than  about  10{.,  and  more 
than  £5  additional  for  its  attachments,  slabs,  cisterns,  or  cham- 
bers, and  setting  it  in  place  in  working  order. 

There  are  perhaps  only  three  modules  yet  designed  that  may 
be  said  to  fulfil  these  conditions ;  these  we  will  for  the  present 
term  portable  modules,  and  defer  dealing  with  them  until  after 
commenting  on  the  others,  or  ordinary  self-acting  modules,  some 
of  which  have  advantages  or  disadvantages  worthy^of  notice,  or 
have  attracted  special  attention  in  any  way. 

Until  recently,  the  power  of  flotation  was  the  sole  means  adopted 
in  self-acting  modules  for  obtaining  an  equal  discharge  under  vary- 
ing heads  in  the  canal  or  basin  of  supply.  The  simplest  manner 
of  applying  this  is  perhaps  in  attaching  or  fixing  the  pipe  or  pipes 
of  supply  to  the  float  itself,  thus  insuring  a  fixed  head  of  pressure 
on  their  entrance,  however  much  the  surface  level  in  the  supplying 
basin  may  vary.  So  far  as  this,  the  modules  depending  on  this 
principle  appear  excellent,  but  unfortunately  all  of  these  seem 
defective  on  account  of  other  considerations.  For  instence,  in  "  the 
iuspended  opening,**  where  the  water  enters  through  two  horizontal 
pipes  into  the  body  of  the  float  itself  (which  is  kept  submerged  to 
a  sufficient  depth  by  weighte)  and  passes  out  of  it  thxoTi^  ^^^1^SkSKl 


144 

pipe  fixed  on  to  the  lower  side  of  it^  the  vertical  pipe  has  to  slide 
up  and  down  in  a  species  of  stuffing-box  in  a  masonry  platform 
below,  so  as  to  discharge  itself  clear  of  the  water  in  the  main  canal, 
and  prevent  the  latter  from  leaking  through  into  the  well  below  the 
platform,  from  which  the  moduled  water  alone  should  be  drawn  o£f. 
This  is  plainly  a  contrivance  that  would  be  defective  for  purposes 
of  irrigation;  should  the  vertical  pipe  not  slide  easily  into  the 
stuffing-box,  the  power  of  flotation  may  be  entirely  neutralized ; 
should  it  be  too  easy  there  will  be  leakage,  and  perhaps  to  a  serious 
amount ;  the  loss  of  level  is  seriously  great,  the  delivery  level  never 
being  higher  than  1  ft.  above  the  bed  level  of  the  canal.  Modifi- 
cations of  this  contrivance,  having  in  view  the  abolition  of  the  loss 
of  head,  have  been  made  by  using  syphons  either  erect  or  inverted,  in- 
stead of  the  sliding  vertical  pipe.  They  certainly  attain  that  object, 
but  introduce  new  defects  sufficient  to  render  them  less  useful  for 
purposes  of  irrigation  than  the  original  suspended  opening;  they  are 
expensive,  and  difficult  to  manage,  the  action  of  the  syphons  is 
liable  to  be  stopped  by  accumulation  of  air,  and  their  discharge  is 
not  only  practically  low  in  comparison  with  their  theoretical  calcu- 
lated discharge,  but  also  is  variable,  as  they  are  very  liable  to  foul ; 
their  adjuncts,  chambers  around  and  attached,  are  expensive.  The 
vertical  pipe  arrangement  of  the  suspended  opening  is  the  principle 
on  which  many  water-meters,  used  by  water  companies  for  dis- 
charging water  in  large  quantities,  have  been  constructed. 

The  same  principle  has  been  adapted  to  purposes  of  irrigation 
in  the  module  of  M.  Monricher,  on  the  Marseilles  Canal,  con- 
structed between  1889  and  1850 :  it  is  intended  to  supply  irrigation 
channels  having  discharges  of  from  1*06  to  4*24  cubic  ft.  (30  to 
120  litres)  per  second  as  a  constant  supply.  The  details  of  con- 
struction are  as  follows  :  A  masonry  reservoir  11*15  ft.  by  14*76  ft., 
having  its  bottom  at  a  level  approximately  8  ft.  below  the  bottom 
of  the  canal,  is  connected  with  it  by  a  rectangular  masonry  passage 
having  a  horizontal  masonry  covering  at  the  level  of  low  water  sur- 
face in  the  canal ;  a  transverse  masonry  wall  stops  the  action  of  the 
water,  which  enters  the  reservoir  afterwards  by  two  passages,  one 
on  either  side,  the  wall  and  passages  taking  up  a  portion  of  the 
reservoir  space.  Beyond  two  pairs  of  grooves  for  putting  in  stop- 
phmka  tor  shutting  off  the  water  entirely  during  repair,  there  is  no 
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other  sluice  or  check  to  the  free  flow  of  the  water.  In  the  centre 
of  the  rectangular  reservoir  is  a  cylinder  of  masonry,  having  an 
internal  diameter  of  2*80  ft.,  being  I'OO  ft.  thick,  the  bottom  of  it 
being  approximately  2*00  ft.  below  the  bottom  of  the  reservoir,  and 
its  top  edge  about  2*00  ft.  below  low  water  canal  surface.  An  iron 
cylinder  is  made  to  fit  the  internal  masonry  closely,  and  to  slide  up 
and  down  it,  and  to  hang  by  a  rod  and  adjusting  screw  to  a  wooden 
,  bar  supported  by  two  wooden  floats  placed  clear  of  the  masonry, 
each  of  which  is  1*64  ft.  deep,  1-31  ft.  broad,  and  5*24  ft.  long. 
There  are  also  two  vertical  bars  in  the  reservoir  outside  the  floats, 
9p  and  down  which  the  bar  slides  on  rings.  The  adjusting  screw 
enables  the  iron  cylinder,  which  is  about  5*8  ft.  long,  to  be  placed 
so  that  its  upper  edge  may  be  set  at  any  depth  below  the  water 
surface,  so  as  to  produce  any  required  discharge.  This,  when  once 
fixed  and  checked,  is  never  altered.  The  whole  is  enclosed  in  a 
locked  building. 

The  water  of  the  reservoir  therefore  enters  the  iron  cylinder 
above,  and  flows  out  below ;  the  lower  water  being  divided  from  the 
rest  of  the  reservoir  above  by  masonry  partitions,  it  rises  through 
the  masonry  passage  thus  made  into  the  masonry  water-course  or 
irrigation  channel,  the  bottom  of  which  is  not  more  than  '75  ft. 
below  that  of  the  bed  of  the  main  canal ;  the  channel  section  is 
2*00  ft.  by  1*81  ft.,  having. a  small  enlargement  3*28  ft.  square  at 
the  commencement  of  the  channel.  Plans  and  details  of  the  module 
here  described  are  given  in  Moncrieff's  ''  Irrigation  in  Southern 
Europe." 

In  this  module,  therefore,  the  section  of  outlet,  viz.,  that  of  the 
iron  cylinder,  is  constant ;  the  edge  of  the  cylinder  rises  and  falls 
by  flotation ;  the  loss  of  level  is  as  small  as  can  be  conveniently 
obtained  in  modules  of  this  principle  of  design,  and  if  the  cylinder 
could,  without  much  care  or  superintendence,  be  made  to  work  well 
in  the  masonry  without  leakage  or  friction  to  any  detrimental  extent, 
as  stated  by  the  engineers  of  the  Marseilles  canal,  the  amount  of 
inaccuracy  of  discharge  cannot  be  great.  It  would  doubtless  be  an 
improvement  were  some  arrangement  applied  to  this  module  for 
preventing  silt  from  entering  the  reservoir,  which  must  be  liable  to 
interfere  with  the  working  of  the  cylinder,  and  produce  a  greater 
deteriorating  effect  in  this  module  than  m  mvsi^  o>!!ti^T^«    ^^^^ai 
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masonry  portion  of  the  modale  would  require  good  workmanshipy 
and  the  putting  together  of  the  whole  in  good  working  order  con- 
siderable care.  It  is,  therefore,  rather  expensive,  and  certainly  has 
liot  the  element  of  portability. 

The  Suspended  plug  is  like  the  suspended  opening,  a  principle 
that  has  been  adopted  for  modules  and  applied  in  a  very  large  variety 
of  ways,  some  of  which  involve  complexity  of  parts  and  details. 
Its  main  principle  is  probably  slightly  more  modem  than  that  of  the 
latter:  both  are  decidedly  old,  but  as  these  old  contrivances  are 
perpetually  being  re-invented,  a  brief  description  of  their  principles 
may  be  of  use  to  some,  while  comments  on  them  may  deter  others 
from  wasting  their  energies  on  an  idea  that  appears  to  have  been 
fully  worked  out. 

The  simplest  case  of  the  suspended  plug  is  this.  A  circular 
orifice  is  fixed  in  a  floor  at  the  level  of  the  bed  or  bottom  of  the 
canal  or  reservoir,  and  a  plug  of  varying  section  is  suspended  in 
it,  being  attached  to  a  float  that  rises  and  falls  with  the  surface  of 
the  water;  the  annular  water  passage  thus  left  open  is  made  to 
discharge  equal  quantities  under  varying  heads  by  proportioning 
the  section  of  the  plug  thi*oughout  its  length;  the  area  of  the 
annular  opening  being  in  inverse  proportion  to  the  velocity  of  dis- 
charge. To  insure  a  free  fall  there  is  a  well  below  the  floor  into 
which  the  water  falls  to  a  depth  equal  to  that  of  the  depth  of  the  floor 
from  high- water  level  of  the  canal.  The  depth  of  the  float  and  its 
attachment  to  the  plug  prevent  its  acting  at  a  depth  of  water  of  less 
than  one  foot  in  the  canal.  These  two  points,  which  are  serious 
objections  to  the  adoption  of  this  module  on  irrigation  canals,  have 
been  much  modified  in  the  more  complicated  modules  constructed 
on  this  principle,  which  will  hereafter  be  mentioned.  As  to  the 
plug  itself,  it  is  either  a  conoid  hung  in  a  circular  orifice,  or  a  flat- 
sided  conoid  of  equal  thickness  in  one  direction  hung  in  an  orifice 
which  is  rectangular  laterally  and  of  circular  curvature  transversely; 
in  the  latter  case  a  fixed  area  is  left  open  on  the  flat  sides  of  the 
plug  which  has  to  be  allowed  for  in  the  calculations  for  the  section 
of  the  plug.  The  diameter  of  the  plug  in  the  case  of  the  conoid 
is' obtained  by  calculating  the  areas  required  to  pass  the  required 
discharge  for  various  heads  of  water,  as,  from  1  to  10  ft.  for  every 
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three  inches,  and  deducting  these  from  the  fixed  area  of  the  orifice, 
the  remainders  are  then  the  areas  of  the  circular  sections  of  the 
ping  for  those  depths  from  which  the  diameters  are  obtained.  The 
flat  conoid  can  be  made  of  the  same  lateral  section  for  all  dis- 
charges, the  thickness  of  the  flat  sides  being  increased  in  direct 
proportion. 

The  following  is  an  example  of  a  modnle  designed  on  the  sus- 
pended plug  principle,  and  is  perhaps  the  simplest  application  of  it 
in  actual  practice.  It  was  designed  by  Don  Juan  de  Bibera,  pro- 
jector of  the  Lozoya  canal,  or  canal  of  Isabella  Segunda,  and  is 
used  on  that  canal  with  good  effect. 

It  is  so  arranged  that  the  size  of  the  outlet  diminishes  when  the 
head  of  water  increases.  The  module  itself  is  a  long  tapering 
bronze  plug,  '524  ft.  in  diameter  at  its  lower  end,  and  is  attached 
to  a  circular  brass  float  above,  which  floats  freely  in  the  water 
of  a  masonry  well  3*38  ft.  by  3*94  ft.  square  and  4*16  ft.  deep ; 
at  the  bottom  of  this  well,  which  is  on  a  level  with  the  bottom  of 
the  main  eanal  and  the  rectangular  masonry  passage  connecting 
them,  is  a  circular  orifice  1*56  ft.  in  diameter,  within  which  the 
lower  end  of  the  module  is  made  to  work  vertically,  the  plug  and 
plate  being  of  bronze  to  prevent  rust.  Below  this  well  again 
is  a  second  one,  into  which  the  water  falls  after  having  passed 
through  the  ring  between  the  orifice  and  the  plug.  The  entrance 
of  the  rectangular  passage  leading  from  the  canal,  which  is  only 
about  8  ft.  long,  is  protected  from  silt  by  an  iron  grating, 
and  is  covered  in  at  the  top  by  slabs  to  the  full  level  in  the 
canal;  the  well  is  also  covered  in  by  a  looked  iron  trap-door.  . 
In  this  module  friction  is  reduced  to  a  minimum;  the  module 
hangs  freely  from  the  centre  of  the  float,  and  can  be  slightly  raised 
or  lowered  in  order  to  diminish  or  increase  the  discharge  passing 
through  the  ring  or  space  between  the  edge  of  the  orifice  and  the 
plug;  but  when  a  constant  discharge  is  required  it  is  finally 
properly  adjusted,  and  then  entirely  left  alone.  The  float  is  about 
2  ft.  in  diameter,  having  a  thickness  in  the  middle  of  about  *9  ft., 
and  at  the  edges  of  *6  ft. 

This  module  discharges  one  cubic  metre  (35*3166  cubic  feet)  per 
hour,  and  is  hence  styled  an  horametre,  the  discharge  being  *277T 
litres,  or  -0098  cubic  feet  per  second.    TJ^  carre  cA  ^e^  m^Ti\!^  ^^ 
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bronze  plug  is  such,  that  the  roots  of  the  vertical  absciBSSB  vary  in- 
versely as  the  differences  between  the  squares  of  the  radius  of  the 
orifice  and  of  the  horizontal  co-ordinate.  Hence,  if  the  required 
discharge  is  given  with  a  head  of  water  of  one  metre,  when  the 
diameters  of  the  orifice  and  plug  are  respectively  *20  and  *1658 
metres,  then,  if  the  head  of  water  be  reduced  to  '81  metres,  the 
diameter  of  the  plug  at  the  level  of  the  orifice  must  be  '1610 
metres,  as 

^/T  :  •^  :  :  ('20f  -  ('ISIO)'  :  (•20)«  -  (-1653)'. 

The  lengths  corresponding  to  the  different  diameters  of  the  taper 
of  the  plug  will,  for  a  constant  diameter  of  orifice  of  *20,  be  as 
follows : — 

Depths  from  water  surface     '10      '12      '16        '41   ^     '77 
Diameters  of  plug  -00      '0585  '0912    -1211     -1374 

Depths  from  water  surface  1-26    1-90    2-71      3-71 
Diameters  of  plug  '1480  -1554  -1610     '1653. 

The  principle  being  that  the  velocity  of  discharge  through  an  orifice 
varies  with  the  square  root  of  the  head  of  water ;  thus,  taking  R  r 
to  represent  the  radii  of  the  orifice  and  plug  respectively,  the  dis- 
charge per  second 

Q  =  c  » (R'  —  r^)  >/27H, 

H  being  the  head  of  water,  the  value  of  the  experimental  coefficient, 
c,  being  for  this  case  deduced,  from  a  series  of  experiments  of  Don 
Juan  de  Ribera,  to  be  '63,  in  accordance  with  similar  results 
obtained  in  ordinary  practice  in  parallel  cases.  This  is  probably  the 
module  in  most  perfect  accordance  with  theory  yet  designed  ;  it  is, 
however,  of  small  dimensions,  and  hence  likely  to  be  much  affected 
by  even  the  very  small  proportion  of  silt  that  would  pass  through 
the  grating.  Its  principal  defect  is,  that  the  loss  of  level  neces- 
sarily involved  in  it  in  order  to  obtain  a  free  fall  would  render 
it  inapplicable  in  a  very  great  number  of  cases,  where  even  a  few 
inches  of  fall  are  of  extreme  importance. 

The  modifications  of  this  type  of  module  consist  in  putting  the 

float  in  a  separate  chamber,  which  thus  becomes  a  silt  trap,  and 

relieves   the   orifice  from   being   affected  by  silt,    the  connection 

between  the  Soat  and  the  cone  being  either  a  chain  passing  over 
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two  mnners  or  a  lever :  in  these  cases  the  plug  is  reversed,  having 
its  broader  end  upwards ;  the  friction  involved  affects  the  working 
of  the  module  and  its  accuracy  of  discharge,  and,  in  the  case  of 
levers,  the  lengths  of  the  arms  modify  the  quantities  employed 
in  the  calculations  of  sections  of  discharge.  In  some  cases  the  form 
of  the  lower  well  assumes  various  forms,  having  for  their  object 
the  reduction  of  the  loss  of  level  existing  in  the  more  simple  type. 
It  is  extremely  doubtfid  whether  any  of  these  modifications  can  be 
considered  advantageous  on  the  whole. 

Rising  and  Falling  Shutters. — Contrivances  of  this  type  are  ge- 
nerally suited  for  large  quantities  of  water  where  great  accuracy  is 
not  required.  The  falling  shutter,  as  used  on  canals  in  England 
or  Scotland,  is  an  oblique  shutter  hinged  below,  and  raised  or  low- 
ered in  front  of  an  opening  in  the  side  of  the  canal  by  two  floats  in 
recesses,  the  water  passing  over  the  upper  edge  of  the  shutter  in  a 
tolerably  uniform  volume.  The  rising  shutter  is  a  vertical  shutter 
in  front  of  an  opening  in  the  side  of  and  down  to  the  bottom  of  the 
canal ;  it  is  raised  or  lowered  by  means  of  a  float  attached  to  it  by 
a  chain  passing  over  a  runner,  the  float  being  in  a  separate  chamber, 
and  having  trunnions  and  friction  rollers  running  in  curved  grooves 
or  recesses  on  each  side  of  the  chamber ;  these  curves  require  very 
accurate  construction  in  order  that  the  discharges  may  not  vary 
under  different  heads.  Shutters  of  this  description  having  pres- 
sure on  one  side  only  are  very  liable  to  stick,  and  get  out  of  order ; 
they  are  hence  very  inferior  in  practice,  although  new  ones  under 
favourable  conditions  can  be  made  to  work  very  accurately. 

The  above  three  types  comprise  the  whole  of  the  non-portable 
self-acting  modules  that  have  been  much  used  in  practice  to  good 
effect. 

Portable  Self-acting  Modules. — In  this  class  we  comprise  such 
modules  as  could  be  remoyed  or  replaced  without  much  difficulty  or 
loss.  There  are  three  such  modules  that  have  attracted  attention, 
though  there  are  probably  others  not  so  well  known. 

The  first  is  that  of  Lieutenant  Carroll,  of  the  Eoyal  Engineers : 
its  principle  is  exactly  that  of  the  well-known  draught  regulator : 
the  pressure  of  the  water  is  made  to  regoiato  ^^  o^«iiMi%  m  'Qn^ 


160 

one  case  in  the  same  way  as  an  increased  draught  of  air  is  made 
to  partially  close  the  opening  in  the  other ;  and  the  application  of 
the  principle  is  excellent  for  the  intended  purpose — it  can  be  made 
almost  entirely  of  iron,  is  simple,  effective,  and  admits  of  remoyal 
without  causing  much  loss  or  expense.  Drawings  of  thia  module 
are  given  in  the  Rurkhi  Professional  Papers. 

The  second  is  a  modification  of  the  hydraulic  lift  regulator, 
inyented  by  the  late  Mr.  Appold,  used  to  regulate  the  descent  of 
hydraulic  passenger  lifts  under  a  variable  load ;  it  has  been  applied 
to  its  new  object  by  Mr.  W.  Anderson  of  the  firm  of  Eastons  and 
Anderson,  and  in  some  respects  resembles  the  mode  of  Lieutenant 
Carroll :  the  velocity  through  the  pipe  of  discharge  is,  however,  in 
this  case  made  to  move  a  suspended  plate  of  curved  form,  in  front 
of  an  opening  also  fixed  inside  the  pipe,  and  the  opening  is  there- 
fore reduced  by  increase  of  velocity. 

In  December  1866  some  experiments  were  made  with  a  6-incfa 
Appold  regulator  at  the  request  of  Col.  Smith,  engineer  to  the 
Madras  Irrigation  Company,  and  of  Mr.  Clark,  hydraulic  engineer 
to  the  Municipality  of  Calcutta. 

In  one  experiment,  in  which  the  regulator  was  used  to  discharge 
water  from  a  tank  7^  7^^square  internally  during  18  minutes ;  the 
surface  of  the  water  in  the  tank  sank  as  follows,  in  one  minute  in- 
tervals: 8''A,  Si,  8 A,  3i,  8,  3A,  84,  3,  8tV,  3,  3iV,  8i,  8*'";— 
the  total  quantity  discharged  in  18  minutes  was 

=  r  T  X  r  T  X  3'  h\"  =  197-22  cubic  feet, 

or  about  16  cubic  feet  per  minute. 

In  the  second  experiment,  the  surface  of  the  water  in  the  tank 
sank  as  follows,  in  one  minute  intervals  :  3V«>  S-Zig,  8i,  8^,  SA* 
84i,  8f,  81,  8f,  8,  8A,  8i,  3A,  8i  31,  8fy,  8i^,  8H,  8i, 
^\  \  the  total  quantity  discharged  in  20  minutes  was 

=  r  T  X  r  T  X  5'  8"  ==  323  cubic  feet, 

or  about  16*18  cubic  feet  per  minute. 

In  the  latter  case  the  heads  at  the  beginning  and  the  end  of 
the  discharge  over  the  centre  of  the  pipe  were  22*8  feet  Mid  12*24 
feet. 

In  aflc&   case  the  same  regulator  or  module  was  used;    its 
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square  aperture  on  the  delivery  side  was  S'^H  high,  and  8''"H 
broad/  or  a  section  of  2(/''36  ;  the  swinger  was  9'^i  wide,  nearly 
touching  at  top  and  bottom ;  the  case  5i  wide,  and  the  area  fof 
water  passage  8A"  x  if'  =  ll'^77  in  section. 

Two  of  these  Appold's  modules  are  believed  to  be  in  use  on  th^ 
Tumbaddra  canals  of  the  Madras  Irrigation  Company.  From  th^ 
convenience  of  form  that  this  module  possesses,  being  self-contained, 
and  externally  a  simple  iron  tube,  with  an  enlargement  like  a  box 
in  the  middle  of  it,  that  admits  of  being  attached  or  detached  from 
an  orifice  very  rapidly,  it  would  appear  to  be  far  preferable  to  that 
of  Lieut.  Carroll,  and  less  liable  to  damage  in  transit. 

The  third  portable  self-acting  module  is  the  design  of  the  author 
of  this  work,  and  is  named  the  Equilibrium  Module.  It  consists 
in  the  first  place  of  a  box  or  chamber,  having  an  entrance  and  an 
exit  orifice,  and  one  or  two  air  holes  above ;  within  this  box  is  the 
pipe  leading  from  the  entrance  orifice  for  a  short  length  horizon- 
tally and  then  turning  vertically  upwards  ;  this  is  terminated  by  a 
dead  end,  but  has  two  or  four  slits  or  narrow  vertical  openings  in 
the  sides,  through  which  the  water  passes  when  the  module  is  open 
and  working.  There  is  at  all  times  enough  water  within  the  cham- 
ber to  rise  above  the  level  of  these  openings,  and  to  work  a  float 
above  them ;  this  float,  working  vertically,  raises  or  lowers  the  cap 
that  slides  over  the  head  of  the  pipe,  and  gradually  opens  or  closes 
the  slits  with  the  variation  of  the  level  of  water  in  the  chamber ; 
which  must  of  course  be  below  the  low  water  surface  of  the  canal 
or  tank  of  supply.  The  form  of  construction  adopted  reduces  to  a 
minimum  the  depth  from  the  water  level  within  the  chamber 
to  the  openings,  wliich  discharge  above  the  sliding  collar,  and 
thus  causes  the  loss  of  head  to  be  unimportant. 

This  is  also  a  small  module,  possibly  only  a  quarter  larger  than  . 
the  Appold  module  before  mentioned,  and  equally  convenient 
as  regards  portability ;  it  is  simple  in  design,  being  actually 
little  more  than  one  of  the  old  types  of  equilibrium  steam 
valve  applied  as  a  module  in  a  chamber  under  pressure :  it 
could,  however,  be  made  of  any  size,  the  adjustment  of  the 
sizes  of  the  orifices  of  entrance,  of  exit,  and  of  the  slit- 
openings  being  the  only  important  points  of  variation*  tfu 
might  also^  tor  rough  porposes,  be  made  genesiraSL^  cA  ^Vxs^<^-^vt^< 
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and  the  pipe  would  then  be  square  in  section  and  have  only 
two  slits,  the  other  two  sides  forming  part  of  the  box.  This 
module  slightly  resembles  the  old  cylinder  sluice,  which  is  also 
a  modification  of  a  double  beat  steam  yalve ;  the  latter,  however, 
is  not  so  simple,  being  far  more  liable  to  choke  or  get  out  of 
order,  one  of  its  valves  working  within  the  pipe,  and  it  is 
therefore  not  so  effective  in  constant  use  as  any  of  the  three 
already  mentioned  are  likely  to  be. 


2.  MODERN   IRRIGATION  IN   ITALY. 

The  persistent  increase  of  prices  of  the  necessaries  of  life 
in  all  civilized  countries  has,  during  the  last  half-century, 
been  mitigated  by  improved  commtmications — the  railway  and 
the  steamer — ^with  countries  less  civilized,  but  more  capable  of 
production.  That  a  further  and  wider  extension  of  such  commu- 
nications will  continue  to  produce  a  mitigating  effect  we  have  little 
doubt ;  but  afterwards,  what  have  we  to  look  to  ?  Many  of  the 
expensive  requirements  of  civilized  existence  admit  of  substitutes. 
For  coal  we  may  substitute  peat  fuel  or  petroleum ;  for  fabrics 
hitherto  necessary,  others  less  expensive,  obtained  from  plants 
and  grasses  hitherto  neglected,  but  now  forced  by  research  and 
skill  into  the  service  of  man  ;  but,  as  regards  our  more  urgent 
wants — ^bread  and  meat — there  is  not  now  the  slightest  probability 
of  any  substitute  being  found  that  could  materially  relieve  the 
demand  for  them.  We  may  substitute  one  kind  of  meat  for 
another,  or  one  kind  of  com  for  another,  as  bacon  for  beef, 
and  maize  or  millet  for  wheat  and  barley :  but  this  is  merely 
economizing  by  reduction ;  so  we  may  safely  assume  that  increas- 
ing the  production  of  grain  and  grass  throughout  the  world  is  the 
principal  mainstay  in  the  future. 

In  highly  civilized  countries,  where  there  is  comparatively  little 
land  fit  for  culture  not  already  under  cultivation,  and  where  high 
farming  has  already  been  adopted  to  obtain  increased  produce,  it 
may  be  assumed  that  the  best  results  have  been  nearly  reached ; 
it  is  therefore  to  less  civilized  and  more  distant  countries  all  over 
the  world  that  we  must  look  for  increased  produce  mainly,  and. 
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in  the  first  instance,  by  increasing  and  improving  the  coltorable 
area. 

Of  all  means  of  increasing  agricoltaral  produce,  irrigation 
stands  justly  at  the  head,  increasing  the  yield  of  the  very  best 
lands,  rendering  inferior  lands  capable  of  yielding  crops  of  a 
superior  kind,  and  apparently  nearly  useless  lands,  such  as  much 
of  the  sandy  arid  plains  of  India,  of  yielding  good  crops  of  different 
descriptions;  the  increased  yield  obtained  by  these  means  sup- 
porting men  and  cattle,  and  causing,  through  the  manure  derived, 
an  additional  source  of  increase.  The  development,  therefore, 
of  irrigation  everywhere,  its  means  and  methods,  its  economical 
application,  and  the  investigation  of  its  results  under  different 
conditions,  become  subjects  of  interest,  not  only  to  the  professional 
hydraulic  engineer,  but  of  vital  importance  and  consequent  interest 
to  every  being  existing  on  the  face  of  the  earth.  Leaving  the 
history  and  archsBology  of  irrigation  for  the  consideration  of  the 
engineer  devoted  to  such  subjects,  contemporaneous  irrigation 
has  besides  a  still  further  interest  for  the  capitalist,  everything 
pointing  to  the  probability  that,  in  and  for  the  future,  capital 
will  be  largely  applied  to  works  of  irrigation;  the  countries 
where  irrigation  is  likely  to  be  most  productive  being  generally 
incapable  for  the  present  of  using  capital  of  their  own,  and  the 
communications  on  which  capital  has  been  so  largely  utilized 
having  ^been  so  far  developed  as  to  set  free  a  large  capital  for 
other  purposes. 

The  most  interesting  irrigation,  therefore,  will  not  only  be 
contemporaneous,  but  that  which  is  most  instructive  as  regards 
results.  The  project  for  the  irrigation  of  a  tract  of  land  in  Lom- 
bardy  by  the  waters  of  the  Lago  Maggiore,  being  carried  out  in 
1872  by  a  small  company  of  local  shareholders,,  under  a  concession 
granted  by  the  Italian  Government  to  its  engineers,  Eugenio 
Yilloresi  and  Luis  Meraviglia,  seems  to  satisfy  these  conditions  in 
every  respect.  The  works  are  not  large,  it  is  true ;  but  it  does 
not  partake  of  the  nature  of  an  experiment,  having  an  element  of 
stability  in  it,  firstly,  from  being  carried  out  in  a  country  more  or 
less  permanently  irrigated  since  the  Middle  Ages,  and  hence  in- 
structive as  regards  the  development  of  principles,  and,  secondly, 
from  being  the  result  of  local  effort  {oiG\Xi%  \\»i^  Vsrv^sA^^  %s^ 
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0acoeeding  by  addng  with  the  wishes  of  the  population,  inde- 
pendently of  foreign  aid. 

The  comparatiYe  smallness  of  the  project,  again,  has  its  advan- 
tages, in  point  of  interest,  from  allowing  a  perfect  deyelopment 
within  itself,  and  is  thus  more  truly  instmctiYe  in  showing  what 
might  be  done  on  a  large  scale  with  large  capital,  and  by  the 
application  of  the  more  extended  principles  not  yet  adopted  in 
Italy,  but  already  plainly  indicated  in  the  large  Indian  works  of 
irrigation.  Some  of  the  details  of  the  scheme  and  of  the  in- 
tended results  will  be  interesting  in  comparison  with  similar 
data  for  Spain  and  India. 

The  following  information  with  regard  to  the  Lago  Maggiore 
irrigation  project,  and  local  matters  in  connection  with  it,  was 
obtained  during  a  visit  in  1872,  from  or  through  the  Director 
of  the  College  of  Engineers,  the  Director  of  the  School  of  Agri- 
oolture,  Signor  Cantoni,  and  principally  from  Signor  YiUoresi 
himself. 

The  tract  of  land  to  be  watered  from  the  Lago  Maggiore  is 
ahaoet  entirely  in  the  Milanese  province,  and  is  bounded  by  the 
Naviglio  della  Martesana  and  the  branches  of  the  Naviglio  Grande ; 
its  area  is  216  284  acres  and  its  population  459 166.  It  is  pecu- 
liarly dry,  from  causes  that  have  not  yet  been  explained ;  the 
inhabitants  either  collect  rain-water,  or  draw  from  wells  40  to  100 
feet  deep,  and  scanty  in  the  best  seasons,  or  obtain  from  tha  pools 
of  the  River  Olona  the  water  for  their  domestic  wants.  The 
wpnngB  or  sources  of  the  Olona  are  now  probably  less  productive 
than  they  were,  and  as  its  supply  is  cut  off  above,  for  irrigation 
purposes  for  an  adjoining  canal,  it  is  nearly  dry  in  the  region  under 
consideration,  the  eight  or  nine  torrents  running  into  it  being  of 
little  value.  There  are  also  eight  torrents  running  towards  the 
mw  Lambro,  towards  the  east ;  but  the  whole  of  these,  including 
the  springs  and  the  Olona,  are  not  sufficient  for  the  irrigation  of 
2500  acres  of  ordinary  cultivation  according  to  the  usual  Italian 
practice.  The  tract  of  land  has  a  generally  uniform  fall  from  west 
to  east,  and  from  north  to  south,  of  *75  and  '20  per  100 ;  the  soQ 
is  alhtvial,  and  classified  into  four  gradations  of  mixture  of  sand 
and  day,  covered  with  a  vegetable  stratum  7  to  14  feet  thick,  and 
oermsiaasUlj  man ;  the  most  sandy  portions  admit  of  being  irri- 
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gated  with  good  effect^  and  generally  consist  of  pasture  land ;  on 
the  whole  of  the  rest,  however,  crops  are  grown  independently  of 
aid,  excepting  the  portions  covered  with  heather  and  woods^  which, 
from  continual  cutting,  have  nearly  disappeared.  For  the  crops, 
the  rotation  in  vogue  is  biennial ;  in  the  first  year  a  first  crop  of 
wheat  or  rye,  foUowed  by  autumnal  maize  or  millet  of  some  sort, 
in  the  second  year  spring  maize.  Very  small  quantities  of  vege- 
tables, flax,  hemp,  and  ravizzo  (colza)  are  Bometimes  grown ;  in 
some  parts  of  the  wheat-growing  land  trefoil  is  sown  among  the 
wheat  in  the  spring,  so  as  to  obtain  a  first  cutting  from  it  in  the 
autumn,  and  a  second  in  the  following  spring,  but  this  is  very 
rarely  successful  for  want  of  sufficient  moisture :  over  a  larger 
portion  vines  and  mulberry  trees  are  planted ;  in  all  cases  the 
eoloni  (rentiers,  tenants)  paying  the  proprietor  in  kind,  or  taking, 
in  the  last  case,  part  of  the  produce  in  payment  for  their  labours* 
-Now,  even  in  its  unirrigated  state,  this  is  certainly  not  an  unpro- 
ductive region ;  there  is  no  mention  made  of  deficiency  of  crop,  and 
the  population  is  thirteen  to  an  acre,  although  a  certain  proportion 
of  the  land  is  scrub,  heather,  and  woodland ;  and  yet  the  inhabi- 
tants have  set  to  work  energetically  to  irrigate  and  increase  the 
produce.  Over  how  large  an  area  of  the  world  is  there  not  land 
yielding  not  one  half  of  this  without  the  slightest  efforts  being 
made  to  introduce  irrigation  !  What  millions  of  acres  not  yielding 
a  quarter  of  this,  in  India,  are  allowed  to  remain  unirrigated,  or, 
as  the  contemplative  Anglo-Indians  in  charge  would  say,  unin- 
terfered  with ! 

The  introduction  of  irrigation  would,  under  these  as  well  as 
almost  any  circumstances,  involve  an  agronomic  change,  and  a 
different  succession  and  rotation  of  crop,  to  which  in  this,  as  in  all 
cases,  a  certain  proportion  of  the  cultivators  and  proprietors  are 
strongly  opposed,  although  they  must,  from  their  close  vicinity  to 
other  irrigated  lands,  be  fully  aware  of  the  advantages  of  irriga- 
tion. It  seems  difficult  to  fully  account  for  this  feeling  so  often 
shown  in  similar  cases.  Water  has  to  be  paid  for  no  doubt ;  but 
there  is  more  produced  wherewith  to  pay.  Is  it  the  timidity  of 
entering  on  matters  on  a  larger  scale,  and  want  of  self-reliance  in 
adapting  themselves  to  a  new  system ;  or  is  it  that  unreasoning 
obstinacy  so  generally  ascribed  to  agdoT]\Wv&\A')    ^^^TH^aiuRs^^  ^^ 
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may  be,  the  difficnlty  in  this  case  seems  to  be  partly  met  by  the 
School  of  Agricnltorey  established  at  Milan,  from  which  more 
extended  ideas  on  such  subjects  are  disseminated  through  lectures 
and  ready  information  within  the  means  of  all. 

The  first  agronomic  change  proposed  is  the  reduction  of  the 
whole  of  the  scrub,  heather,  and  woodland  into  culturable  soil ;  the 
second,  a  great  reduction  of  the  vine-growing  area  for  the  purposes 
of  cultivating  com,  the  latter  change  being  justified  by  the  fact 
that  the  greater  part  of  the  wine  produced  in  this  region  is  of  very 
inferior  commercial  value.  The  wisdom,  however,  of  this  latter 
change  seems  open  to  obiection ;  as  a  better  cultivation  of  the  vine- 
growing  area,  combined  with  winter  floodings,  could  hardly  fail  to 
produce  a  larger  amount  of  wine.  Assuming,  however,  that  this 
change  is  desirable  (and  several  landed  proprietors  have  adopted 
it),  it  will,  when  general,  reduce  three-quarters  of  the  vine- 
bearing  area  into  cultivated  or  pasture  land.  The  third  agro- 
nomic change  is  that  of  the  formerly  cultivated  land ;  the  biennial 
rotation  having,  under  irrigation,  to  give  way  to  a  more  com- 
prehensive arrangement.  A  typical  rotation  has  been  laid  down 
which  is  quinquennial,  according  to  the  following  table : — 
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It  is  drawn  up  to  suit  a  holder  of  five  acres,  with  his  family  and 
cattle.  The  quantity  of  maize  produced  is  one-third  more  than 
that  from  land  irrigated  on  the  old  system,  and  is  sufficient  to 
support  the  fitmily.  The  amount  under  pasture  is  as  large  as 
can  be  conveniently  arranged,  in  order  to  secure  as  much  manure 
for  the  soil  as  possible,  and,  in  the  case  of  a  five-acre  plot,  will 
support  two  cows.  The  wheat  and  rye  grown  will  pay  the  rent  of 
the  ground  to  the  proprietor,  and  the  spring  hay  the  whole  of  the 
irrigation,  leaving  the  remaining  crops  to  the  holder  entirely  free. 
The  same  rotation  is  suitable  to  a  holding  of  any  size,  worked  by 
one  family,  the  basis  being  the  proportions  of  grass,  grain,  and 
other  crops,  which  are,  taking  the  whole  in  ten  parts : — ^two- 
tenths  permanent  pasture;  one-tenth  grass  crop;  three- tenths 
wheat  and  rye;  two-tenths  to  spring  maize;  two-tenths  to 
autumnal  maizes  and  oil-yielding  crops. 

It  will  be  noticed  that  neither  rice  cultivation  nor  marcite  culti- 
vation— ^the  well-known  flooded  winter  grass  crop  of  Italy — enters 
at  all  into  the  above  proposition,  being  generally  excluded  from 
the  proposed  irrigational  demand.  This  is  highly  significant,  and 
appears  to  point  to  the  conclusion  that  such  cultivation  is  rather 
on  the  wane  in  Italy.  Probably  it  is  not  economical  on  well-farmed 
lands;  the  winter  grass  crop  is  believed  to  yield  only  a  quarter 
more  through  fiooded  irrigation  on  the  marcitorial  system,  and 
both  this  and  rice  cultivation   are   considered   injurious  to  the 

*  public  health  in  Lombardy,  having  been  for  many  years  forbidden 
within  certain  distances  of  towns,  cities,  and  villages.  In  Portugal, 
lands  formerly  growing  rice  are  now  otherwise  cultivated,  on 
economic  grounds ;  experience  plainly  showing  that  the  production 
of  other  grain,  and  the  support  of  cattle,  are  more  remunerative. 
In  this  special  instance,  as  returns  are  obtained  from  using  the 
water  for  motive  purposes,  driving  mills,  &c.,  it  is  also  extremely 
probable  that  it  is  not  only  more  convenient,  but  also  more  remu- 
nerative, to  use  water  during  the  winter  months  in  that  way. 

With  regard  to  the  injuriousness  of  the  neighbourhood  of  rice 
cultivation,  or  of  any  swampy  cultivation,  there  is  still  considerable 
doubt.  In  India  rice  has  been  grown  close  to  numerous  military 
cantonments  for  many  years,   without   any  detrimental   efiects; 

wbereaa,  the  neigbbourhood  of  a  single  rice  patch  in  a  fork  in  the 
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hills  is  sometimes  almost  deadly,  and  snipe  shooting  for  a  few 
days  over  rice  fields  in  China  and  Ceylon  is  almost  certain  to 
cause  fever.  Medical  men  have  given  widely  opposed  opinions 
on  this  subject,  as  well  as  on  the  effects  of  irrigation  gene- 
rally; from  which,  apparently,  the  only  sound  conclusion  seems 
to  be,  that  irrigation,  properly  conducted,  is  perfectly  innocuous, 
and  that  it  is  only  when  the  drainage  of  the  country  is  allowed 
to  stagnate  for  a  long  time  that  injury  results.  This  will  per- 
fectly explain  how  it  is  that  rice  cultivation  may  or  may  not 
be  injurious,  as  in  some  cases  the  water  is  allowed  to  stagnate, 
unchanged  and  without  flow,  for  a  very  long  time — a  perfectly 
unnecessary  proceeding,  which,  producing  an  organic  decay  more 
rapid  under  high  temperature,  is  the  cause  of  noxious  miasma. 
It  would  hardly  seem,  however,  that  in  this  special  case  hygienic 
reasons  alone  would  stop  marcite  and  rice  cultivation — as  it  need 
not  be  carried  on  near  villages — ^but  rather  reasons  of  economy. 
Such  a  conclusion  would,  therefore,  show  that  water  is  more 
economically  expended  on  other  crops,  and  that  irrigation-water 
is  hence  becoming  more  valuable  than  formerly. 

With  reference  to  the  amount  of  water  necessary  per  acre  of 
irrigated  land  in  the  tract  under  consideration,  the  following  four 
tables  supply  the  data  on  which  it  has  been  based : 


Table  I. 
Volume  of  water  in  cubic  feet  necessary  per  acre  at  each  watering. 


Absorbed. 

Utilized. 

Expended. 

Meadow. 

Arable. 

Meadow. 

Arable. 

Meadow.   Arable. 

De  Regis     

Cantoni        

Committee  of  Engineers 

Totals     

jKiean     ...     •••     ... 

5  885 
5  585 
5  885 

8476 
8476 
8  476 

8  665 

8  411 

10  404 

9  323 

8  454 

11314 

14  550 
14  296 
16  2«8 

17  799 
16  930 
19  790 

... 

... 

27  480 

29  091 

45134  54  519 

i 

5  885 

8  476 

9160 

9  697 

15  045 

18173 

160 


Table  II. 

Quantity  of  continuous  water  in   cubic  feet  per  second  per  acre 

necessary  for  irrigation. 


% 

Meadow  land. 

Arable  land. 

For  water- 
ing onoe  in 
7  days. 

For  water- 
ing onoe  in 
10  days. 

For  water- 
ing onoe  in 
14  days. 

For  water- 
ing onoe  in 
20  days. 

De  Reg^       •••        ... 
Cantoni         •••         ••• 

Committee  of  Engineers    ... 

•02404 
•02362 
•02691 

•01683 
•01653 
•01883 

-01471 
•01398 
-01635 

•01029 

•00978 
•01008 

•07457 

•05219 

•04504 

•03015 

•02486 

•01740 

•01501 

•01005 

Table  III. 
Area  in  acres  that  can  he  irrigated  by  one  cubic  foot  per  second. 


9 

Meadow  land. 

Arable  land. 

Watered 
onoe  in 
7  days. 

Watered 
once  in 
10  days. 

Watered 
once  in 
14  days. 

Watered 

once  in 

20  days. 

De  Regis       ...         .••        •.. 
Cantoni         •••         ... 
Committee  of  Engineers    ... 

Mean   •••         •••         ••• 

41-46 
4219 
3707 

59-22 
60-28 
52  91 

67-78 
71-26 
60-95 

96-83 

101-80 

98-86 

120-72 

172-41 

19999 

297-49 

40-23 

57-47 

6&6^ 

9916 

Table  IV. 
Supply  necessary  for  each  acre  of  the  irrigable  area. 


Meadow    ••• 
Arable  (?) 
Com  (?)   ... 

Quantity  for 

QnaDtity  For 

1 

Area  in 
acres. 

Sandy  soil. 

Clayey  soil. 

Quantity  of 
continuous 
water  neces- 
sary for  one 

acre  in 

cubic  feet 

per  second. 

Product. 

Quantity  of 
continuous 
water  neces- 
wiry  for  one 
acre  in 
cubic  feet 
per  second. 

Product. 

1^48 
1-98 
1^48 

cub.  ft. 

•02486 

•01501 

cub.  ft. 

•03679 

-02972 

cub.  ft. 

•01740 
-01005 

cub.  ft. 

•02575 
•01990 

i 

4-94 

= 

•06651 

or 

•04565 

I 

1-00 

•SS 

•01346 

or 

•00924 
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Besolt  adopted  for  calculation  of  supply  to  one  acre  :  in  sandy 
soil,  '01346  cubic  feet :  in  clayey  soil,  '00924  cubic  feet. 

To  complete  the  calculations  of  this  part  of  the  subject,  before 

entering  into  details  and  comparisons,  it  may  be  said  that,  dividing 

the  total  area  under  command  into  two  classes,  sandy  and  clayey 

soils,  the  total  water  supply  required  is  as  follows : — 

Cub.  fl.  per  sec. 
For  47  674  acres  clayey  at  '00924  cubic  feet  =    440 

„    143  016     „     sandy  at  -01346  cubic  feet  =z  1925 


Total  190  690  Total  2365 

Deducting  an  already  existing  supply  of    ...  310 

Adding  for  irrigation  in  a  lower  tract  of  land  388 

Supply  required  ...  ...  =  2443     cm. 

Hence  the  actual  supply  of  the  canal  is  fixed  =  2825  or  80. 

As  the  whole  tract  amounts  to  216  234  acres,  this  would  show 
that  more  than  seven-eighths  will  be  irrigated,  and,  taking  the  quan- 
tities  approximately,  the  average  supply  over  the  irrigated  area  is 
*012  cubic  feet  per  second  per  acre,  or  is  such  that  1  cubic  foot  per 
second  will  irrigate  90  acres,  from  which,  according  to  Table  HI., 
the  average  watering  will  be  once  in  18  days  or  20  in  a  year. 

Before  entering  into  these  general  quantities,  the  principles  and 
details  on  which  they  are  based  require  examination. 

In  table  I.  the  quantity  of  water  sufficient  for  one  irrigation  or 
watering  is  taken  at  15  000  cubic  feet  for  pasture,  and  18  170  for 
arable  land  ;  it  cannot  be  doubted,  by  any  one  conversant  with  irri- 
gation in  India  and  Spain,  that  this  quantity  is  excessive ;  the 
Italians  of  both  Piedmont  and  Lombardy  have  for  a  long  time  been 
exceedingly  wasteful  of  irrigation  water ;  they  have  had  the  unusual 
advantages  of  being  able  to  get  as  much  as  they  like,  and  as  ad- 
mitted by  themselves  in  Piedmont,  the  waste  is  excessive,  a  natural 
result  of  having  been  provided  with  too  much;  in  Lombardy 
again,  those  that  dare  to  raise  their  word  in  private  against  the 
traditions  of  the  past  have  expressed  strong  opinions  that  water  can 
there  be  made  to  perform  a  much  higher  duty  than  at  present. 

The  object  of  ordinary  irrigation  in  hot  climates  is  simply  to 
supply  the  place  of  rain  and  soften  the  fioil,  «Ai<i  &^«t^  TSi^^^SiaL 
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from  the  irrigation  of  lands  in  colder  regions,  which,  partaking  of 
the  nature  of  sewage  irrigation,  has  for  its  object  the  deposition 
of  a  fertilizing  sediment  rather  than  a  supply  of  moisture,  and  cor- 
responds in  Italy  to  maricitorial  and  rice  cultivation  only.  This 
latter  description  of  irrigation  being  excluded  from  the  project  and 
data  under  consideration,  the  former  alone  has  to  be  dealt  with,  and 
for  such  purposes  in  India  and  in  Spain  a  watering  of  10  000  cubic 
feet  is  ample,  and  would  doubtless  be  enough  in  Italy  also,  either  for 
pasture  or  arable  land.  One  such  watering  represents  a  depth  of  *23 
feet  over  an  acre  and  is  equivalent  to  a  continuous  supply  throughout 
the  year  of  *000817  cubic  foot  per  second.  It  may  be  said  that 
under  different  states  of  climate,  soil  and  subsoil,  more  water  would 
be  required  even  in  hot  climates,  but  to  this  the  reply  is  that  a  greater 
number  of  waterings  might  be  required,  but  not  a  larger  supply  at 
each  watering.  In  support  of  the  statement  that  10  000  cubic  feet 
would  be  sufficient,  it  may  be  noticed  that  the  learned  and  scientific 
Professor  Cantoni,  Director  of  the  School  of  Agriculture  at  Milan, 
who  has  been  continually  and  is  still  prosecuting  researches  into 
agronomic  and  agricultural  matters,  fixes  his  quantities  lower 
than  the  previous  data  of  the  older  Italian  hydraulic  engineers,  and 
far  lower  than  those  of  the  Commission  of  Engineers  (about  one- 
eighth  less) ;  it  is  possible  also  that,  were  he  not  an  Italian  and 
holding  a  Government  appointment,  he  might  be  very  much  bolder 
in  his  reduction. 

With  regard  to  the  number  of  waterings,  the  amount  allowed 
appears,  according  to  Tables  II.  and  lY.,  to  be  52  and  26  in  the 
year  for  meadow  and  arable  land  respectively  on  sandy  soils,  and  36 
and  18  on  clayey  soils ;  but,  as  the  canals  are  closed  for  cleansing 
and  repairs  during  April  and  October,  these  numbers  are  reduced 
in  practical  application  to  46  and  23  for  sandy,  and  30  and  15  for 
clayey  lands.  Now,  leaving  out  of  consideration  the  fact  that  these 
waterings  are  a  half  and  three-quarters  larger  than  would  be  requi- 
site in  India  or  Spain,  their  number  seems  excessive.  In  India  the 
number  of  waterings  prescribed  on  the  Nageenah  Canal,  North- 
West  Provinces,  is  thus  {vide  "Hydraulic  Manual,"  Part  IE.):  For 
fruit  gardens,  8  per  annum ;  for  hemp,  5  per  crop ;  for  rice,  indigo, 
sugar,  tobacco,  grasses,  and  herbs,  4  per  crop ;  for  cotton,  wheat, 
barley,  and  grains  and  pulses,  3  per  crop.     In  Spain  the  number 
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of  waterings  in  the  year  generally  necessary  are,  according  to  Mr. 
Roberts's  excellent  pamphlet :  For  corn,  flax,  potatoes,  olives,  and 
Tines,  6  waterings ;  for  meadows  and  artificial  grass,  8 ;  and  for  garden 
produce,  20 ;  and  these  by  no  means  show  the  highest  duty  obtained 
by  water  in  Spain,  for,  in  the  clayey  yegas  of  Alcanadre  and  Lodosa, 
gardens  are  irrigated  with  *0014  cnbic  foot  per  second  per  acre 
through  the  year,  and  only  require  double  or  treble  that  amount, 
say,  *004  cubic  foot  per  second  in  very  dry  seasons ;  whereas  the 
watering  of  garden  land  with  twenty  irrigations  mentioned  above 
requires  *012  cubic  foot  per  second  per  acre.  In  both  Northern 
and  Southern  India  *01  cubic  foot  per  second  per  acre  is  considered 
a  full  and  liberal  gross  allowance  for  all  crops,  except  rice  and  crops 
grown  on  the  flooding  or  marcitorial  principle,  where  sediment  is 
the  object,  while  the  net  allowance  per  acre  yearly  appears  to  be 
about  firom  one-half  to  three-quarters  of  that  amount. 

The  inevitable  conclusion,  therefore,  appears  to  be  that  Italian 
practice  gives  one-half  too  much  water  at  each  watering,  and  at 
least  one-half  too  many  wateriugs,  thus  employing  in  detail  more 
than  double  the  water  that  is  necessary  according  to  both  Indian 
and  Spanish  practice,  the  conditions  of  soil  and  climate  being  more 
fiEivourable  in  Piedmont  and  Lombardy  than  probably  in  either 
Spain  or  India. 

With  reference  to  the  water  supply  in  the  gross,  or  water  duty 
over  the  whole  tract  of  land,  the  ultimate  duty  reached  in  clayey 
soil,  according  to  this  project,  is  110  acres  to  a  cubic  foot  per 
second.  On  previous  old  works  the  duty  reached  in  Piedmont  and 
Lombardy  seems  to  vary  &om  60  to  110,  90  and  100  being  the 
more  favourable  cases,  and  60  to  80  the  more  usual.  In  India  the 
water  duty  arrived  at  was  on  the  Eastern  Jumna  Canal,  in  1864, 
220  acres ;  on  the  Western  Jumna  Canal,  in  1863,  280  acres ;  and 
on  the  Ganges  Canal,  in  1864,  140  acres ;  and  these  on  canals  that 
are  not  fully  developed,  thus  pointing  to  a  safe  gross  water  duty, 
excluding  siugle  waterings,  of  double  that  obtained  in  Italy.  It  is 
unfortunately  useless  to  mention  these  things  to  Italians,  whose 
ideas  of  hydraulic  grandeur  and  authority«are  confined  to  the  Nav- 
iglio  Grande  and  their  old  hydraulic  authors  and  engineers ;  to  say 
to  them  that  there  is  a  canal  from  the  Ganges  that  is  designed  to 
carry  a  volume  of  7000  cubic  feet,  or  198  cubic  me\xe^^t  %^i^tAa^ 
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even  now  unwise,  while  to  attempt  to  explain  that  irrigation  is  not 
only  Oriental  in  origin,  bat  that  ignorant  natives  of  India,  led  by 
military  men  who  cannot  be  called  engineers  in  the  civilized  Western 
sense  of  adepts  at  scientific  construction,  but  whose  proper  sphere  is 
the  siege  and  the  battle-field,  have,  in  spite  of  a  wonderful  chain  of 
mistakes,  succeeded  in  carrying  out,  not  only  the  largest  works  of 
irrigation,  but  also  the  most  economic  distribution,  would  be  in- 
tensely absurd. 

The  increase  of  produce  due  to  irrigation  in  the  tract  under  con- 
sideration has  been  calculated  by  a  commission  nominated  by  the 
College  of  Engineers  of  Milan,  acting  on  behalf  of  the  Oovemment 
of  the  country  granting  the  concession.  Knowing  the  way  in  which 
petty  intrigue  enters  into  every  matter  in  Italy,  one  cannot  in  this 
case,  any  more  than  in  determining  the  amount  of  water  necessary 
for  the  crops,  expect  unbiassed  data.  Under  similar  circumstances, 
in  England,  no  one  would  think  of  curtailing  the  profits  and 
hampering  the  undertakings  of  engineers  in  this  manner ;  on  the 
contrary,  one  would  think,  the  greater  the  profit  and  freedom,  the 
more  likely  would  be  the  extension  of  similar  works  conducive  to  the 
public  good  as  well  as  to  private  interest  in  every  way;  petty  ideas, 
however,  seem  to  rule  in  Italy.  The  data,  however,  are  interesting, 
and  may  possibly,  after  all,  be  accepted  as  tolerably  correct.  The 
same  amount  of  area  has  the  value  of  its  produce  compared  under 
dry  and  under  wet  cultivation,  and  the  difference  credited  as  the 
result  of  irrigation.  The  land  is  divided  into  four  classes  accord- 
ing to  the  degree  of  sandiness,  and  the  results  are  given.  Those 
for  the  extremes  of  sandiness  and  clayeyness  are  alone  given  in 
detail ;  they  are  as  follow : — 
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The  gross  result  firom  these  data  is  the  following  increase  of  raloe 
of  crop  due  to  irrigation  for  the  four  classes  of  land,  namely: 
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£2  49.  8(2. 


Ist  for  the  most  sandy — ^per  acre 
2nd  „  ,.  do. 

drd  „  ,,  do. 

4th  for  the  most  clayey      do. 

The  results  last  given  seem  yery  small ;  hut  it  must  he  noticed 
that  very  low  values  are  given  to  the  produce,  in  all  cases  only 
three-fourths  the  mean  local  value  for  the  preceding  five  years 
being  applied ;  hut  they  are  useful  in  showing  how  little  results 
vary  within  the  area  under  consideration.  The  principal  point  of 
importance  seems  to  have  been,  purposely  or  otherwise,  entirely 
omitted ;  the  yield  per  acre  of  wheat  is  assumed  to  be  the  same  both 
under  irrigation  and  otherwise.  The  maize,  the  staple  food  of  the 
peasantry,  is  assumed  to  yield  more  than  a  half  more,  and  the  mul- 
berry crop  of  leaves  one-seventh  more ;  but  the  wheat  is  supposed 
not  to  be  aflFected  by  irrigation.  Now  in  India,  where  crops  are  grown 
dependent  on  the  annual  rain,  as  well  as  assisted  by  irrigation,  the 
increase  of  yield  of  grain  due  to  irrigation  is  large ;  cereals  and  oil 
seeds  yielding  &om  a  quarter  to  a  half  more. 

There  can  therefore  be  little  doubt  that  there  must  be  some 
increase  of  yield  of  wheat  also  in  Italy,  and  it  appears  unfortunate 
that  any  profits  due  to  irrigation  in  any  way  should  be  allowed  to 
pass  unnoticed.  If  the  object  is  to  show  as  little  profit  to  the 
landholder,  and  hence  obtain  water  at  as  a  low  rate  as  possible  by 
similar  devices,  it  is  a  very  shortsighted  one,  on  behalf  of  the 
Government  of  a  country,  the  sole  result  of  depreciating  the  value 
and  profits  of  irrigation  being  to  leave  the  country  unirrigated  and* 
in  an  impoverished  agricultural  state.  Taking,  however,  the  figures 
given  by  the  Commission  as  relatively  correct,  these  show  that  the 
efiect  of  irrigation  is  to  more  than  double  the  value  of  the  produce 
on  sandy  soil,  and  to  increase  it  by  nearly  two-thirds  on  clayey  soil, 
when  the  improved  rotation  of  crop  is  adopted ;  and  at  the  same 
time  prove  clearly  that,  if  allowance  be  made  for  an  increase  in  the 
produce  of  wheat  per  acre,  and  for  higher  rates  for  values  of  produce 
generally,  the  value  of  produce  due  to  iirig^Uoii  \AU!i\^  ^<^\iX\<^  ^t^l 
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the  lands  that  benefit  least  by  it.  The  importance  of  so  incontro- 
vertible a  £act  requires  no  comment,  and  it  becomes  a  convenient 
basis  for  calculating  what  amount  of  water-rate  could  be  easily  paid 
under  a  more  correct  valuation  of  produce.  Taking,  however,  the 
present  valuation,  which  gives  as  an  increase  of  value  per  acre 
£2  6a.  as  a  mean,  though,  perhaps,  it  would  be  more  correct  to  as- 
sume £8,  to  determine  the  water-rate  per  acre  adopted,  viz.,  10a.  9d. 
and  7a.  5d.  for  sandy  and  clayey  soils,  respectively,  it  would  appear 
that  the  water-rate  is  fixed  at  a  price  about  one-fifth  of  the  increase 
of  value  resulting  from  the  aid  of  the  water,  the  landed  proprietors 
incurring  at  their  own  expense  the  costs  of  levelling  and  fitting 
their  land  for  irrigation,  and  keeping  their  own  trenches  of  distri- 
bution in  a  proper  state  of  maintenance.  This  is]doubtless  a  very 
low  water-rate ;  but  the  circumstances  under  which  this  irrigation 
project  is  being  carried  out  are  peculiar,  and  the  terms  of  the  con- 
cession are  drawn  up  to  suit  the  case.  But  of  this  more  here- 
after. 

The  following  is  an  abstract  of  the  cost  of  the  works  of  the  Lago 
Maggiore  project : 


Construction. 

Headworks     ...  ...  ...  ...  ...    £259  614 

No.  1.  Main  canal  80  miles,  section  604  square  feet  215  516 


2-          „          14| 

99 

820 

99 

126  881 

8.          „          18i 

99 

841 

99 

102  240 

Secondary  canals,  182  miles 

in  all 

•    •    • 

... 

83  659 

Keepers'  houses 

... 

•    •    • 

... 

2  800 

Legal  expenses 

.  •  • 

•    •    • 

.    V    . 

15  227 

Engineering  expenses... 

.  •  • 

•    •    « 

•  •  • 

17  684 

Interest 

... 

•    •    • 

... 

50  719 

Miscellaneous 

... 

•    •    • 

Total 

•  •  . 
... 

5  710 

£880  000 
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Maintenance  AnnuaUy 

Headworks 
Main  canal  63  miles 
Establishment  and  office 
Imposts  ...  •.. 


Total 


...  £1271 

...  1822 

...  2  400 

...  4  607 

...  £10  000 


Expense  per  Acre  to  Landed  Proprietors, 


Land  occupied  by  trenches 
Excavation  in  trenches 
Buildings 
Adapting  the  land 


8  17    0 

Annual  maintenance  of  trenches  and  adminis- 
tration per  acre  ...  ...  ...  ...  18 


£ 

8. 

d. 

1 

7 

0 

8 

0 

1 

0 

6 

1 

2 

0 

Details. — The  headworks,  which  include  a  large  basin^  a  large 
navigation  lock  for  communication  with  the  Ticino,  a  roadway  and 
sluices,  do  not  seem  to  have  any  features  worthy  of  remark.  The 
main  canals  are  constructed  to  deliver,  No.  1,  2826  cubic  feet  with 
a  fall  of  -20  and  -16  per  1000  ;  No.  2,  1766  cubic  feet  with  a  fall  of 
*1  per  1000 ;  besides  209  feet  by  26  falls  or  locks ;  No.  8,  680  cubic 
feet  with  a  fall  of  *18  per  1000;  some  portions  are  paved  in  boulder 
work  set  in  earth,  or  in  ordinary  lime,  and  in  some  cases  in 
hydraulic  mortar  over  a  bed  of  b^ton,  with  walled  sides.  The  works 
on  the  three  main  canals  consist  of: 

2  railway  and  tramway  bridges. 

7  bridges  for  provincial  roads. 
66  smaUer  road  bridges. 
18  over  crossings  for  rivers  and  brooks. 
27  locks,  mostly  with  bridges  or  outlets. 
66  falls,  syphons,  and  under  passages. 

9  keepers*  lodges. 
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The  secondary  canals  are  16  in  number,  of  di£ferent  lengths  and 

sections ;  they  are  generally  of  four  sections. 

Cubic  feet  per 
Feet.  seoond. 

No.  1.  With  a  bottom  width  of  18' 1  carrying  108 
2.  „  9-8        „         78 

8.  „  6-6        „         54 

4.  „  3-8        „         80 

They  have  an  inclination  of  *6  per  thousand ;  and  the  works  con- 
sist of  88  bridges  and  falls  for  provincial  roads,  895  district  road 
bridges,  and  897  petty  bridges. 

The  capitalised  price  of  the  water  in  the  Lago  Maggiore  scheme 

is  fixed  thns  for  total  amonnts  : 

£    s,  dm 

Continuous  water,  per  cubic  foot  per  second    . . .     589    4  7 

Summer  water     ...         ...         ...         ...         ...     566  11  5 

Winter  water       22  18  2 

Separating  this  into  payments  over  the  forty  years  in  which  the 

project   is  to  repay  its   costs,   and  allowing   for   6  per  cent,  it 

becomes : 

£    s*  d. 

Continuous  water,  per  cubic  ft.  per  second  (yearly)  41    7  2 

Summer    ...         ...         ...         ...         ...         ...       89  18  2 

Winter      ...         ...         ...         ...         ...         ...         1  14  0 

And  under  the  agricultural  rotation  adopted,  with  the  quantity  of 
water  necessary  for  each  acre  of  sandy  and  clayey  land,  the  price 
of  water  per  acre  is : 

£    8,  d.  8,  d, 

Sandy,  capitalised        7  14     5  yearly  10  8 

Clayey,         „         „     5     5  11  „         „         „         7  6 

Checking  the  capitalised  result  per  acre  as  follows  : 

£   8,    d, 
Sandy  148  016  acres  at  7  14    5  yields  £1  104  088 

Clayey  47  674      „     „  5    5  11  „  252  672 


Total     ...    £1856  756 
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This  shows  that  the  capitalised  value  of  the  irrigation  effected  per 
acre  more  than  covers  the  costs  of  construction  and  maintenance 
for  40  years,  which  is  £1  280  000 :  a  further  check  on  this  is 
afforded  by  capitalising  the  value  of  the  water  per  cubic  foot.  The 
eventual  total  supply  of  the  canal  will  be  as  before  stated,  2825 
cubic  feet ;  but  as  during  the  first  two  years  the  amount  to  be 
drawn  is,  according  to  the  concession,  only  1558*9  cubic  feet  of 
summer  and  1059*5  cubic  feet  of  winter  water,  from  which  5  per 
cent,  has  to  be  deducted  for  loss  by  infiltration,  the  capitalised 
return  would  be : 

£    8,  d. 
Summer  water  1476  cubic  ft.  at  566  11  5  =:  £886  257 
Winter       „      1006      „     „  at  22  13  2  =       22  798 


Total      ...    £859  050 


And  the  annual  return  under  the  same  circumstances  : 

£    8,  d. 
Summer  water  1476  cubic  ft.  at  89  18  2  =  £58  585 
Winter       „      1006      „      „    „     1  14  0  =       1 710 


Total      ...      £60  245 


The  returns  for  navigation  are  calculated  on  the  basis  that  the 
canal  will  compete  successfully  with  the  railway,  when  carrying 
goods  at  half  tke  present  railway  rates ;  and,  applying  this  to  a 
boat  load  of  40  tons  sent  by  either  manner,  the  navigation  toll  is 
fixed  at  12  shillings  per  boat  load,  or  about  S^d,  per  ton  :  it  is  cal- 
culated that  such  a  boat  would  make  85  voyages  in  a  year  going 
down  with  the  current,  but  requiring  one  or  two  horses  to  tow  it  up 
when  empty  or  full.  On  these  principles  the  expected  return  from 
navigation  is  estimated  at  £12,000;  by  others  as  follows: 

Signor  Tatti,  engineer £15400 

Signer  Conte  Annoni       ...         ...         ...         ...  16200 

The  Commission  of  the  College  of  Engineers 

ofMilan           1800 

The  comparison  of  these  data  seems,  by  the  evident  underrating 
of  the  profits  of  navigation  in  the  lavl  one  oi  \Ihfiiii)  \i^  H^ca^s^X^si^ 
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on  the  oyer-estimat-ed  supply  reqnired  for  irrigation  by  the  Commis- 
sion of  the  College  of  Engineers  of  Milan,  and  strengthens  the 
belief  before  expressed. 

The  retams  for  motive  power  are  not  estimated,  as  it  is  probable 
that  some  time  may  elapse  before  it  is  utilized  at  all;  but  the 
amount  of  motive  power  is  thus  calculated :  26  falls  on  28  locks 
having  a  total  Ml  of  210  feet,  having  a  supply  of  water,  diminishing 
from  494  to  211  cubic  feet,  or  a  mean  supply  of  858  cubic  feet  per 
second,  will  give  200  horse  power  at  each  &11,  or  5000  horse  power 
in  all  on  the  main  canal,  and  in  the  same  way  1000  or  2000  horse 
power  more  on  the  secondary  canals.  It  will  be  serviceable  for 
threshing  com,  spinning  silk,  cotton,  and  flax,  paper,  cloth,  and 
other  manufactures.  Other  returns  may  also  be  obtained  from  turf 
and  grass-cutting,  water  for  domestic  use,  wash-houses,  and  the 
supply  of  drinking  cisterns  for  cattie.  The  total  annual  return 
that  may  be  expected  amounts  to : 

By  irrigation  ;£60245 

By  navigation  ...         ...         ...         ...         ...       12  000 

By  other  sources 8  755 


Total         ...     £76  000 


Considering,  then,  the  total  cost  of  the  works  to  be  £880  000 
And  the  annual  cost  of  maintenance  to  be  ...  10  000 
And  deducting  this  from  the  annual  return  of  ...  76  000 
The  remainder        £66000 

represents  an  interest  of  7^  per  cent,  on  the  total  cost. 

It  may  be  interesting,  before  entering  into  comment  on  the 
subject  of  cost  and  return,  to  deduce  the  profit  per  acre  that  the 
occupiers  of  the  land  can  obtain  on  the  whole,  assuming  the  previous 
data  of  increase  of  yield  and  needful  supply  of  water  as  the  basis 
of  calculation. 

The  expenses  per  acre  to  the  landed  proprietors  capitalised  in 
ihe  foregoing  data  may  be  reduced  to  annual  payments  over  the 
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forty  years,  allowing  for  an  interest  on  the  capital  of  6  per  cent., 
and  become  thus : 


1 

Land  occupied  by  trenches 
Excavation... 
Buildings  ... 
Adapting  the  land ... 
Maintenance  of  the  trenches 
Administration  of  all  sorts 


annual 


Total 


And  the  profit  per  acre  is  then : 


8,  d. 

1  9 

0  6 

1  4 
1  5 
0  5 
0  10 

6    8 


For  sandy  soil 
Fop  clayey  soil 
Mean        ... 


Cost  of 
water. 

Expenses 

on  the 

land. 

Total 

9.      d. 

10    8 
7    5 
9    0 

9.    d. 
6     3 
6    3 
6    3 

9,     d, 
16  11 
13     8 
15     3 

*  Value  of 
increase  of 
prod  ace. 


£  B,  d, 

2  8  6 

2  0  7 

2  4  6 


Profit  per 
acre. 


£    9,  d, 

1  11  7 

1     6  11 

19  3 


Besides  this  profit,  the  landholder  is  much  benefited  by  the 
effect  of  irrigation,  as  the  labour  of  ploughing,  harrowing  and  hoe- 
ing is  much  reduced,  and  again,  as  so  much  land  is  under  pasture, 
his  labour  there  is  reduced  to  nothing;  the  soil  also  becomes 
much  improved  in  time,  and  the  yield  again  increased  beyond  the 
amount  calculated :  for  these  advantages  the  landowner  can  again 
demand  justly  from  him  an  increased  rent;  and  the  capitalised 
value  of  this  increase  of  rent  will  be  eventually  shown  in  increased 
saleable  value  of  the  land.  It  is  extremely  unfortunate  that  no 
data  are  forthcoming  on  either  of  these  points,  especially  as  there 
is  such  a  vast  extent  of  land  in  Northern  Italy  that  has  been  brought 
under  irrigation  at  different  times  which  could  have  well  supplied, 
at  least  approximately,  sufficient  information  to  have  given  a  sound 
basis  on  which  to  rest  expected  results  of  this  nature.  It  seems 
indeed  extraordinary  that  Signer  Yilloresi,  the  engineer  of  the  Lago 
Maggiore  project,  who  has  evidently  spared  no  pains  in  procuring 
and  setting  forth  so  much  detail  bearing  on  his  scheme,  should 
have  neglected  to  enter  into  such  an  im.^0TiKii\i  ^o^rt^  ^\  ^t^^ic^x^^ 
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To  every  irrigation  undertaking  there  are  three  direct  and  legiti- 
mate Boorces  of  return. 

1.  The  profit  to  the  shareholders,  justly  due  to  them,  the  capi- 
talists, directors,  and  engineers,  obtained  by  charging  more  for  the 
water  than  it  actually  costs  them,  although  far  less  than  its  value 
as  shown  by  results. 

2.  The  profit  to  the  landholders  or  occupiers,  whose  increase  of 
yield,  and  hence  increase  of  profit,  after  paying  the  water-rate  fixed, 
is  due  to  the  supply  of  water  to  the  land  in  the  first  instance. 

8.  The  profit  to  the  landowners  by  the  improvement  of  their 
property  and  land,  from  the  continuous  efiect  of  irrigation,  and  the 
advantages  of  having  water  available. 

Besides  these,  the  indirect  advantages  are  innumerable,  having 
their  efTect  on  the  people  and  nation  generally,  as  well  as  on  other 
nations ;  but  these  do  not  admit  of  calculation :  the  three  direct 
sources  of  return,  however,  do;  and  it  is  solely  by  means  of 
a  careful  investigation  of  their  results  that  the  true  value  of  the 
water  can  be  arrived  at,  with  reference  to  and  in  proportion  to 
which,  and  not  according  to  the  haggling  with  the  users  of  the  water, 
a  just  water-rate  can  be  determined ;  the  success  of  the  irrigation 
project  being  principally  shown  again  by  a  comparison  of  the  cost 
with  the  true  value  of  the  water. 

Failing,  therefore,  to  obtain  information  on  the  increase  of  value 
of  land  due  to  irrigation  in  Northern  Italy,  the  following  data  for 
Spain,  from  Mr.  Boberts's  pamphlet,  will  give  some  indication  of 
what  the  increase  of  value  might  be  : 

Dry  Irrigated 

per  acre.  per  acre. 

Rioja  district  rent  9«.  to  12«.   ^£9-5  to  JElO-2. 

Zamora,  Castile      value  £14  to  £18.    £35  to  £41. 

Near  Madrid,     1st  class  land  value  £32  £128 

2nd    „  „  £20  £100 

3rd     „  „  £12  £72 

4th      „  „  £6  £60 

Ampurdan,  Gataluna  „  £100     £200  to  £300 

Spain  generally,  1st  class  land  inc.  of  value  100  to  200  p.  c. 

,,         „         inferior  land         „  1000  to  1500  p.  c. 
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This  would  indicate  that  it  is  most  probable  that  the  value  of  the 
land  in  Northern  Italy  would  be  at  least  doubled  by  irrigation. 

In  India,  again,  where  canals  have,  at  least  in  a  very  incomplete 
and  rough  state,  existed  for  many  years,  the  profits  to  the  land- 
owner are  very  plainly  shown.  A  large  portion,  if  not  all,  of  the 
immense  tracts  watered  by  the  Ganges  Canal  and  the  Eastern 
and  Western  Jumna  Canals  are,  like  most  of  the  land  in  Oriental 
countries,  the  actual  property  of  the  Crown  or  government  of  the 
country ;  and  the  rent  of  the  land  in  these  tracts  is  newly  fixed  after 
certain  periods — ^five,  seven,  or  eleven  years — the  enhancement  of 
rent  on  the  land  as  it  becomes  brought  under  irrigation  being  deter- 
mined at  those  intervals  and  credited  to  the  e£fects  of  irrigation,  as 
well  as  the  water-rate  paid  by  the  occupiers  of  the  soil.  Turning 
for  figures  to  ''Hydraulic  Manual,'^  Part.  II.,  we  find,  among  the 
returns  given  by  canals  : 


By 
water 
rate. 
£ 

12175 

By  en- 
hancement 
of  rent. 
£ 
14  965 

Total 
returns. 

£ 
27140 

29  888 

37  000 

66  888 

136  353 

80  018 

216  371 

244  156 

161  260 

405  416 

Eastern  Jumna  Canal  in  1846 

Western  Jumna  Canal  1845 

Ganges  Canal  1867 

Ganges  Canal  1868 

These  show  that  in  two  out  of  the  three  great  canals  the 
enhancement  of  rent  is  a  larger  source  of  return  than  the  water- 
rate,  and  that  it  is  only  on  the  least  developed  canal  of  the  three 
that  it  is  less,  and  even  then  amounts  to  two-thirds  of  it.  This 
is,  no  doubt,  under  what  we  should  call  in  European  countries  an 
exceptional  state  of  affairs;  and  it  is  evident  that  under  such 
circumstances,  where  the  owners  of  the  works  and  the  water  are 
also  the  owners  of  the  land,  they  could,  if  they  preferred  it,  give 
the  water  gratis,  and  raise  the  whole  of  the  returns  by  means  of 
enhancement  of  land  rent.  In  Southern  India,  unfortunately,  the 
practice  prevails,  of  throwing  into  one  payment  the  water-rate  and 
the  land  rent,  so  that  one  is  unable  to  distinguish  between  the  two 
species  of  returns. 

On  the  whole,  however,  these  figures,  as  well  as  those  for 
Spain,  show  incontestably  that  the  landowner  mak<^^  ^si  vmxsikKs^a^ 
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profit  from  the  resnltB  of  irrigation ;  whereas  the  water  owner  has 
to  haggle  over  a  petty  water-rate  with  the  occupier,  in  order  to 
make  it  possible  to  carry  out  the  works  at  all ;  or,  in  other  words, 
every  one  profits  highly  from  the  water  except  those  through 
whose  skill  and  management  the  water  is  supplied ;  and,  more,  it 
seems  likely  that  this  state  of  things  will  continue  until  the 
immense  profits  of  irrigation  are  fully  set  forth  in  such  a  way 
that  ignorance  of  them  can  no  longer  he  professed.  When  this 
is  done,  a  more  adequate  water-rate  can  be  demanded,  and  will  be 
cheerfully  paid  by  the  occupier,  and  a  second  water-rate  should 
also  be  demanded  from  the  landowner. 

The  necessity  as  well  as  the  justice  of  a  second  water-rate 
fit)m  the  landlord  has  been  very  recently  shown  in  India, 
although,  of  course,  much  opposition  was  made.  There  are 
certain  districts  in  India  where  the  soil  has  been  either  alienated 
fit)m  the  Grown  by  gift  at  some  period,  or  has  been  put  under  a 
permanent  settlement  of  land  rent  in  perpetuity,  that  cannot  be 
enhanced.  In  undertaking  works  of  irrigation  in  such  districts, 
the  Government  saw  itself  deprived  of  the  main  source  of  return 
obtained  in  other  cases,  through  the  right  of  landownership,  and 
the  difficulty  was,  therefore,  met  by  an  Act  of  the  Imperial 
Government  at  Calcutta  in  1870,  drawn  up  by  General  Strachey, 
Inspector-General  of  Irrigation,  which,  among  other  matters  con- 
nected with  the  subject,  ordained  that  a  water-rate  should  be 
paid  both  by  landlord  and  occupier,  and  besides,  that  a  certain 
small  water-rate  should  be  paid  by  those  owning  or  holding  land 
within  an  irrigable  area,  but  declining  to  use  the  water  or  sell 
their  land.  This  Act  marks  an  era  in  irrigational  matters,  and 
points  the  way  to  the  rest  of  the  world  by  which  carrying  out 
irrigation  projects  may  be  rendered,  as  they  should  be,  sufficiently 
remunerative  to  those  that  undertake  them ;  much  praise,  there- 
fore, is  due  to  the  then  Inspector  of  Irrigation  for  can-ying  out  such 
a  measure,  which  must  have  originally  met  with  great  opposition 
in  a  country  like  India,  where  the  natives  will  haggle  over  giving 
a  halfpenny  or  a  penny  for  every  pound  one  may  put  into  their 
pockets,  and  where  the  English,  having  generally  falsely  so-called 
liberal  notions,  would,  in  most  instances,  not  understand  the 
juBtice  and  true  liberality  of  such  measures. 
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These  principles  and  facts  may  be  said  to  haye  established  for 
the  fature,  in  Europe  and  elsewhere,  that  a  second  water-rate  can 
be  justly  demanded  from  the  landlord  after  the  land  is  fairly 
brought  under  irrigation,  or,  if  alternatively,  that  the  occupier's 
water-rate  can  be  increased,  so  as  to  include  the  two  rates  in  one 
payment,  leaving  him  to  settle  his  own  proportion  of  it  with  the 
landowner. 

Having  thus  pointed  out  how  important  an  element  of  profit 
has  been  neglected  in  the  calculations  of  the  Lago  Maggiore 
project,  having  indicated  its  value,  and  shown  how  it  might  have 
been  raised,  let  us  return  to  the  consideration  of  the  cost  and 
return  data. 

First,  as  to  the  works  themselves  and  their  design,  there  seems 
to  be  very  little  deserving  of  special  comment :  from  the  remarks 
made  in  the  drawing  up  of  the  project,  the  use  of  hydraulic 
cement  is  treated  as  a  novelty  in  Italy,  and  is  mentioned  as 
having  been  adopted  in  France  and  Belgium ;  this  may  be  con- 
sidered as  the  key-note  of  the  indigenous  engineering.  For 
measurement  of  water,  the  old  modulo  inagistrale  of  Milan,  with 
the  oncia  magistrale  as  the  unit  of  water  measurement,  remains 
in  its  pristine  state ;  sluices  and  outlets  are  also  very  primitive. 
Imagine  ourselves  in  England  at  the  present  time  using  the 
unimproved  locomotive  of  Trevithick  and  the  cast-iron  rails  of 
that  period,  and  we  can  understand  the  progress  of  the  Italian^  in 
a  branch  of  engineering  equally  important  to  them  as  improved 
communication  is  to  us;  while,  therefore,  criticism,  on  Italian 
engineering  construction  is  quite  out  of  place  at  present:  this 
objection,  however,  does  not  extend  to  examination  of  the  results 
of  their  works  of  irrigation. 

The  complete  scheme,  costing  j£880  000,  will  irrigate  190  690 
acres  with  2472  cubic  feet  per  second,  out  of  the  2825  of  full  supply ; 
allowing  proportionately  for  the  remaining  353  cubic  feet  per 
second,  we  obtain,  as  the  grand  result  of  the  whole  scheme  when 
in  working  order,  an  irrigation  of  217  930  acres,  or  a  tract  of  889 
square  miles,  allowing  one-eighth  as  unirrigable,  for  the  total  cost 
— that  is,  the  cost  per  irrigable  acre  is  a  little  more  than  £4t,  and 
the  cost  per  square  mile  of  irrigable  tract  is  £2256.  Beferring  to 
Boberts  for  similar  information  for  Spain,  'we  g^l ; 


178 


Cost  per  acre. 


•  •  • 


•  •• 


•  •  • 


•  »• 


•  •• 


•  •  • 


•  •  • 


Pxovince  of  Madrid 
Logfooo 
Toledo 
G-erona 
Leon 

Navarra  ... 
Guadalajara 

These  are  the  results  of  carefully  compiled  estimates,  that  allow 
for  all  contingencies  as  well  as  for  liberal  contractors*  profits,  of 
which  there  is  no  mention  in  the  data  of  the  Italian  project. 

For  India  we  obtain  the  following  results  on  partly  developed 
canals. 

Total  outlay.    Irrigated  area.    Tract  irrigable. 


••• 


••  • 


••• 


£ 

«. 

...     16 

6 

...      7 

15 

...      6 

5 

...      8 

6 

...      7 

10 

...      7 

0 

...      6  10 

Ganges  Canal,  1864 

„         „        Xo/u      ••• 
Eastern  Jumna  Canal,  1846 
Western  Jumna  Canal,  1846 
Bobilcund  Canals,  1864 


•  •  • 


••• 


••• 


•  •• 


••• 


£ 

2  058  714 

2  402  438 

81460 

119  405 

81190 


Acres. 
449  788 

•  •  • 
421  875 
351  501 
83  904 


Sq.  IkGlet. 

16,000 

497 

1345 


These  show  results  of  8,  4,  and  5  acres  irrigated  for  £1 ;  and, 
allowing  for  difference  in  cost  of  labour  to  the  very  utmost 
amount,  one  acre  would  be  irrigated  in  India  for  £1,  against  £4 
in  Italy,  or  £5  or  £6  in  Spain. 

The  differences  in  cost  may  perhaps  be  accounted  for  in  the 
case  of  Spain,  by  supposing  that  the  estimates  for  the  works  there 
are  for  really  good  construction  in  the  English  style.  In  the 
case  of  India,  it  may  be  remarked  that  the  acreage  there  given 
is  the  sum  of  the  acres  irrigated,  continuously,  in  the  autunm, 
and  in  the  spring;  e.g.,  the  total  yearly  irrigation  or  acreage 
of  the  Ganges  Canal  for  the  year  1868,  given  as  1 078  400 
acres,  is  composed  of  60  664  acres  continuous,  293  604  spring, 
and  784 182  autumn  irrigation ; '  this  must  then  be  carefully 
borne  in  mind  with  reference  to  Indian  irrigated  areas ;  but  even 
after  making  allowance  for  this,  the  Indian  construction  seems  by 
far  more  economical  in  prime  cost. 
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With  regard  to  maintenance,  the  annual  cost  in  the  Lago 
Maggiore  project  is  iBlOOOO  for  217  980  acres;  for  Spain  there 
are  no  available  data,  but  in  India  we  have : — 


Esteb.  and 

Bepain. 

Acres, 

Eastern  Jumna  Canal,  1846 

£7  340 

421  875 

Western  Jumna  Canal,  1846 

12  584 

351  401 

Ganges  Canal,  1868 

76  731 

1  078  400 

and  the  comparison  indicates  that,  after  making  sufficient  allow- 
ance for  difference  of  cost  of  establishment  and  labour,  the  former 
costing  far  less  and  the  latter  far  more  in  Italy,  that  maintenance 
costs  more  in  Italy. 

The  expense  per  acre  to  the  proprietors  in  preparing  the  land, 
trenches,  &c.,  is  £9  178.  per  acre  in  Italy,  against  £6  for  com 
land,  and  £12  for  garden  land  in  Spain ;  but  this  is  a  matter  that 
depends  so  much  on  local  circumstances,  that  the  comparison  is  of 
little  value.  Nor  again  is  the  point  of  expense  to  the  occupier 
of  great  importance.  In  most  land  fit  for  irrigation  the  expense 
cannot  be  very  heavy ;  the  work  is  done  by  the  occupier  and  his 
family  or  field  hands  during  the  time  that  would  otherwise  be 
unoccupied,  or  at  least  comparatively  so ;  and  the  labour  expended 
is  more  than  counterbalanced  in  perpetuity  by  the  saving  of  work 
in  the  operations  of  ploughing,  harrowing,  and  hoeing  on  irrigated 
ground,  which  is  considerably  less  than  in  dry  land. 

The  data  of  cost  of  all  sorts,  taken  with  reference  to  the 
acreage,  do  not  thus  indicate  any  advantages  in  point  of  economy 
in  favour  of  Northern  Italy  over  Spain  and  India ;  it  }ias  not,  of 
course,  been  possible  to  obtain  strictly  corresponding  data,  but  it 
has  been  shown  quite  possible  to  draw  undeniably  just  compari- 
sons from  those  given,  after  making  due  allowances. 

It  may  be  urged  that,  to  relieve  the  comparisons  entirely  from 
any  doubt  regarding  acreage,  it  would  have  been  better  to  keep  them 
entirely  in  terms  of  cost,  price,  value,  and  return  per  cubic  foot 
per  second  of  supply ;  of  this  there  is  little  doubt,  and  it  would 
have  been  so  arranged  had  sufficient  data  been  available  in  that 
form ;  there  are,  unfortunately,  none  forthcoming  lor  Spain,  and 
as  for  Indian  returns,  in  many  cases,  the  terms,  cost,  price,  and 
value  are  used  without  proper  disoriminatioii;  teJdix%  ^Scl^*^  i:^\sQXt^% 


Supply. 

Total  cost. 

caDic  loot 
per  second. 

cnb.  ft. 

£ 

£ 

Lago  Maggiore  project     ... 

2825 

880000 

307 

Qanges  Canal,  1870 

4300 

2  402  438 

558 

Eastern  Jumna  Canal,  1870 

956 

194575 

206 

Western  Jumna  Canal,  1846 

2800 

119405 

42 
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rigidly,  the  cost  sliould  be  the  expense  of  the  works,  or  capital 
account,  per  cubic  foot  supplied  ;  the  yalue  should  represent  the 
whole  of  the  benefits  valued  and  summed  per  cubic  foot,  and  the 
price  the  simple  water*rates  paid.  Such  data,  howeyer,  as  can  be 
procured  are  as  follows : — 

Cost  per     Price  y<»fly 
per  cubic 

feet  per 

second. 

£ 

42 

44 

62 

24 

These  are  not  very  instructiye,  as  the  supply  mentioned  is  pro- 
bably not  in  all  cases  the  supply  actually  utilised  in  irrigation 
alone,  and  the  price  yearly  may  in  one  case  not  include,  as  it 
sUbuId,  the  amounts  obtained  by  increase  of  land  assessment. 
It  must  be  remembered,  also,  that  the  data  for  Lago  Maggiore 
are  those  of  a  completely  developed  project,  whereas  in  the  Indian 
data  they  are,  excepting  the  last,  those  of  only  partly  or  imper- 
fectly developed  works. 

That  the  water-rate  of  the  Lago  Maggiore  project,  10«.  8(2.  for 
sandy,  and  7».  5d.  for  clayey  soils  per  acre,  is  very  low  indeed, 
may  be  shown  by  comparison  with  the  following  rates  in  Spain, 
most  of  which  are  fixed  merely  to  pay  for  repairs  and  guards,  the 
works  belonging  to  the  land  without  having  any  interest  to  pay  off. 

Water-rate  per  acre  yearly. 

Canal  del  Urgel  . . .  Ids.  Sd. 

Tagus  Valley  ...  ...  10  per  cent,  of  the  produce. 

Malaga  ...  ...  19«. 

Lobrigat         ...  ...  58.  6d.  tolls. 

Aragon  ...  ...  4s.  to  £1  Is. 

Cataluna         ...  ...  128.  to  16s. 

Navarra  ...  ...  12s.  for  four  irrigations  yearly. 

New  Canals    ...  ...  Is.  7d.  to  2s.  4d.  for  each  watering. 

Frequent  custom  ...  10  per  cent,  of  the  produce. 

If  10  per  cent,  of  the  produce  determined  the  water-rate  on  the 

Lago  Maggiore  tract,  it  would  be  from  £2  16s.  to  £%  Is.,  instead  of 

7s.  5d.  to  10s.  dd.,  and  this  would  probably  be  a  fairer  water-rate. 
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But  enough  has  been  put  forward  to  show  how  the  project  has  been 
plundered  of  its  apparent  profits,  by  requiring  too  much  water  per 
acre,  and,  besides,  by  underrating  points  on  which  the  water-rate 
and  the  estimate  of  the  yalue  of  the  results  of  the  water  have 
been  based. 

This  happens  to  be  of  no  importance  whatever  in  this  special 
case,  as  the  association  carrying  out  the  works  consists  of  users  of 
the  water,  occupiers  and  landowners,  who  make  and  take  the  whole 
of  the  profits  in  whatever  shape  they  may  appear;  their  object  is 
to  dear  themselves  of  the  prime  cost  of  the  works  in  40  years, 
and  retain  the  works  permanently  as  their  own  after  that  time ;  and 
as  they  can  do  so  by  so  fixing  the  rates  as  to  pay  only  7^  per  cent, 
on  the  cost,  this  arrangement  suits  their  purposes.  Beyond  this, 
the  conclusions  one  would  be  liable  to  arrive  at  with  reference  to 
this  scheme,  that  7^.  &d.  or  lOs.  8d.,  are  just  and  fair  water-rates 
for  Northern  Italy,  and  7^  per  cent,  is  a  fair  profit  on  such  works 
there,  are  evidently  false. 

If  these  works  had  been  carried  out  by  shareholders  not  owning 
or  holding  the  land,  a  really  remunerative  water-rate  of  as  much 
as  a  half  of  the  value  of  the  increase  of  produce  resulting  from 
irrigation,  which  is  evidently  much  more  than  £2  is.  8d.  per  acre, 
could  be  easily  paid  by  the  occupiers  in  the  first  instance,  still 
leaving  large  profits  both  to  occupiers  and  landowners,  and  from 
the  latter  again  the  second  water-rate  mHght  be  demanded ;  the 
works  themselves  might  also  be  sold  at  some  fixed  price  either  to 
the  Government  or  the  landowners  for  a  hundred  years,  having 
easily  paid  30  per  cent.,  as  the  preceding  examination  has  shown. 
When  it  is  considered  that,  even  then  the  landholders  would  be 
enabled  to  increase  permanently  the  value  of  the  produce  of  their 
lands  by  one-half  without  any  risk  or  investment,  it  seems  extra- 
ordinary that  Italian  landholders  have  not  already  largely  invited 
the  use  of  foreign  capital  for  such  undertakings  and  hypothecated 
their  lands  with  this  object. 

The  preceding  inquiry  into  the  value  of  the  results  of  irrigation 
will,  it  is  hoped,  have  furnished  ample  evidence  of  the  immense 
profits  to  all  concerned  that  works  of  irrigation  can  produce,  and 
demonstrated  clearly  that  it  is  solely  due  to  a  want  of  careful  inves- 
tigation that  they  have  been  so  much  ignored  \i\\3[ie^i\o. 
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3.— THE  CONTROL  OF  FLOODS. 

The  prevention  of  the  submergence  of  land  by  inundations  from 
Overcharged  rivers,  and  the  drainage  from  marshes  and  submerged 
land  of  the  water  that  has  been  allowed  to  accuniulate  over  it,  are 
kindred  engineering  problems  that  appear  at  first  sight  to  present 
but  Httle  difficulty.  Their  theoretical  solution,  when  merely  on  a 
small  scale,  is  ready  and  simple ;  on  a  larger  one,  however,  the 
practical  details  brought  into  these  problems  a£fect  them  to  such  a 
degree,  that,  although  the  principles  involved  cannot  be  said  to  be 
subverted,  their  carrying  out  is  forced  into  a  comparatively  new 
form. 

Land  liable  to  submergence  from  a  river  is  lower  than  the  extreme 
flood  level,  and  in  open  communication  with  it;  the  remedies 
consist,  therefore,  either  in  lowering  the  extreme  flood  level  in  the 
channel  by  providing  other  passages  for  the  water,  partially  divert- 
ing it,  or  dredging  out  a  deeper  channel,  or  by  warping  up  the  land 
liable  to  submergence,  or  by  cutting  ofi*  possible  communication  it 
flood  stages  between  the  river  and  the  land  by  means  of  embank- 
ments. Submerged  land,  again,  remains  in  that  condition  for 
want  of  sufficient  natural  outfall ;  an  outfall  has,  therefore,  to  be 
cut,  tunnelled,  dredged,  or  enlarged  to  a  sufficient  extent  to  allow 
gravity  alone  to  do  the  work,  should  that  be  possible  or  economically 
sufficient ;  in  other  cases  pumps  are  indispensable. 

Imagining,  then,  the  case  to  be  one  of  an  area  of  a  few  hundred 
acres,  liable  to  inundation  from  a  river  with  a  moderate  declivity^ 
the  application  of  these  principles  involves  generally  but  little  diffi- 
culty as  regards  engineering,  and  becomes  a  local  economic  question, 
rather  than  an  engineering  practical  problem.  Putting  the  case 
again  on  a  large  scale,  a  vast  tract  submerged  by  the  floods  of  a 
river  having  a  very  small  declivity — the  usual  condition  when  large 
areas  are  submerged — ^the  dimensions  entering  into  the  works  that 
would  be  necessary  in  adhering  rigidly  to  the  above  principles 
become  so  large,  that  their  complete  execution  is  positively  im- 
possible  in  most  cases.    Let  us  adduce  the  embankments  of  the 
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G^ges,  the  Mahanuddi,  the  Po,  and  the  levees  of  the  MiseisBippi, 
whidi  are  not  and  nerer  can  be  complete  and  sufficiently  developed 
to  insure,  by  means  of  themselves  alone,  the  absolute  protection  of 
sll  the  lands  on  their  banks  from  the  devastating  effects  of  extreme 
floods. 

To  this  it  might  be,  though  perhaps  rather  thougfatlesdy,  replied, 
that  very  extensive  works  may  be  so  costly  as  to  be  impossible,  but 
that  the  application  of  the  principles  need  not  vary.  It  is,  however, 
in  point  of  fact  also  a  matter  of  modification  of  the  application  of 
principle. 

The  case  of  a  comparatively  small  river  supplying  the  flood,  very 
neaily,  and  in  most  cases  totally,  limits  the  consideration  of  the 
flood  to  its  principal  point,  the  extreme  flood  level ;  the  catchment 
«rea  ci  a  small  river  being  tolerably  uniformly  supplied  throughout 
the  rainfall,  its  upper  portions  do  not  require  very  special  consider- 
ation ;  the  declivity  of  the  small  river  being  tolerably  rapid,  the  con- 
dition of  the  lower  ranges  of  the  river  does  not  affect  the  matter 
to  any  very  important  degree.  Remote  local  conditions  being  com- 
paratively disregarded,  and  it  being  possible  to  cope  with  the  flood 
at  the  required  point  both  successfully  and  economically,  the  w^ks 
involved  are  necessarily  small. 

On  a  large  scale,  on  the  contrary,  the  extreme  flood  level,  the 
nature,  causes,  and  duration  of  the  -flood  may  be  greatly  affected 
by  any  of  the  physical  conditions  of  the  entire  catchment  area 
of  the  region  watered  by  the  river  and  its  tributaries,  from  the 
loftiest  hill  on  the  v^atershed  down  to  the  currents  of  the  ooean, 
miles  beyond  the  river's  mouth ;  and  as  these  physical  and  meteor- 
ological conditions  vary  greatly  throughout  large  countries,  a  perfect 
Imowledge  of  them  as  regards  the  country  under  consideration  is 
absolutely  necessary  in  order  to  arrive  at  sufficient  information  to 
enable  one  to  propose  measures  for  the  mitigation  of  the  effects 
of  the  flood.  In  other  words,  the  natural  drainage  of  the  whole 
region  under  any  state  or  circumstances,  as  well  as  eveiything 
that  practically  affects  it  in  any  way,  must  be  thoroughly  known 
in  detail. 

It  will  be  unnecessary  to  dilate  on  the  physical  laws  and 
conditions  of  our  sphere,  matters  best  understood  from  studying 
the  larger  works  on  physical  geography  to  be  foxmii  vgl^tcj  ^i;»R2& 
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library :  and  a  knowledge  of  these  will  hence  be  assumed.  The 
detailed  knowledge,  however,  of  the  physical  conditions,  and  specially 
of  the  rainfall  of  the  region  under  consideration,  may  possibly  not  be 
obtainable  &om  any  book  whatever.  It  is  not  sufficient  to  possess 
meteorological  statistics  of  observations  taken  at  a  few  towns  in 
the  valley  of  the  river,  and  at  one  or  two  points  or  villages  on  the 
hills ;  it  is  needful  to  know  definitely  what  is  the  greatest  amount 
of  rain  that  ever  falls  in  the  region,  the  greatest  area  in  it  over 
which  rain  falls  at  any  one  time,  and  which  portions  of  the  area 
they  are  likely  to  be  at  any  time  ;  or  generally  how  much  water, 
when,  and  where,  so  that  it  may  be  practically  accounted  for. 
Detailed  observations  taken  for  many  years  at  a  very  large  number 
of  meteorological  stations  are  therefore  requisite,  and  it  is  almost 
painful  to  reflect  in  how  very  few  instances  are  even  a  moderately 
small  number  forthcoming.  As  a  notable  exception  to  this  appa- 
rent apathy,  may  be  noticed  the  large  number  of  meteorological 
stations  in  the  United  States  of  America,  and  the  large  sum 
annually  s|)ent  by  their  Government  in  obtaining  such  information. 
Besides  the  meteorological  data,  a  correct  detailed  topographical 
and  hydrographical  knowledge  of  the  whole  of  the  catchment  of 
the  river,  based  on  engineering  surveys  and  velocity  observations, 
is  necessary  in  order  to  determine  the  discharge  and  the  flood  level 
of  the  river  at  any  time,  and  under  any  possible  meteorological 
condition.  Having  all  this  information,  we  are  enabled  at  any  time 
to  state  what  will  be  the  results  in  rise  and  amount  of  discharge 
of  the  river,  corresponding  to  and  resulting  from  any  special  rainfall 
lasting  for  any  usual  or  unusual  time  over  an  area,  or  detached 
portions  of  area  within  the  catchment  basin,  and  the  evils  to  be 
contended  with  are  then  fully  known  before  commencing  to  deal 
with  them  and  attempting  to  mitigate  their  ill  efiects  by  means  of 
engineering  works  of  any  sort. 

To  this  it  maybe  replied,  that  the  expense  of  obtaining  all  these 
data,  and  especially  those  of  a  hydrographical  and  topographical 
nature,  which  cannot  be  done  except  by  .skilled  hydraulic  engi- 
neers, must  necessarily  be  very  large;  and  if  after  all  this  it 
should  be  discovered  that  under  any  circumstances  no  engineering 
works  could  remove  the  evils,  or  even  moderate  them  to  an  im- 
portant  extent,  the  expense  would  have  been  uselessly  incurred. 
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Not  entirely  so.  Even  should  no  works  be  attempted,  the  infor- 
mation can  be  made  use  of  in  the  protection  of  human  life,  and  in 
thus  mitigating  the  fearful  effects  produced  by  sudden  and  devas- 
tating floods.  The  extent  of  land  liable  to  submergence  under  cer- 
tain conditions  of  rainfall  in  any  part  of  the  country  being  known 
to  a  practical  certainty,  the  telegraph  can  be  employed  to  warn  the 
inhabitants  of  an  impending  flood,  and, allow  them  to  save  at  least 
their  own  lives,  and  perhaps  also  that  of  their  cattle  and  movable 
valuables.  It  may  be  urged  that  the  terrible  catastrophes  resulting 
in  large  loss  of  life  generally  commence  with  the  bursting  of  an 
embankment,  which  happens  before  the  flood  overtops  it ;  doubtless 
it  is  so,  but  it  would  be  an  important  part  of  the  topographical 
knowledge  to  ascertain  to  what  height  of  flood  these  embankments, 
which,  when  in  sound  condition,  are  in  most  cases  only  sufficient 
protection  against  very  moderate  floods,  are  practically  safe. 
Timely  warning  could,  therefore,  be  afibrded  in  any  case,  and  the 
inhabitants  would  be  spared  the  terrible  infliction,  in  case  of  flood, 
of  watching  the  waters  rising,  and  not  knowing  either  how  much 
higher  they  might  rise,  or  to  what  height  of  flood  their  dams 
might  be  safe. 

But  to  proceed  to  the  main  object,  the  protection  of  the  land,  as 
well  as  its  inhabitants,  when  the  matter  is  one  of  large  extent  and 
importance. 

The  usual  practice  hitherto,  notably  in  the  case  of  several  dis- 
tricts in  Holland,  seems  to  have  been,  to  construct  continuous  lines 
of  embankment  along  all  the  existing  edges  of  the  various  channels 
of  the  river,  and  discharge  the  waters  within  them  on  the  flooded 
land  into  the  rivers  by  means  of  pumps.  This  caused  no  doubt  a 
certain  amount  of  mitigation  of  evil  up  to  certain  height  of  flood 
level  only;  beyond  that,  it  is  sufficiently  evident  in  theory,  and  has 
been  fdlly  established  in  practice,  that  the  means  employed  cease 
to  be  a  remedy,  and  become  a  decided  aggravation  of  the  cause  of 
disaster,  efiecting  an  excess  of  external  pressure  on  the  embank- 
ments. Besides  this,  as  the  channels  of  the  river  are  under  these 
circumstances  allowed  to  silt  themselves  up,  not  only  the  bed  level, 
but  also  the  flood  level  corresponding  to  the  same  amount  of  dis- 
charge, is  allowed  to  rise  also ;  a  second  aggravation  of  the  evil. 
Beyond  this  again,  the  immense  length  oi  iVi^^^  ^Yt^xi^"^^  ^so^- 
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bankmentg  causes  them  to  be  exceedingly  costly.  These  three 
reasons  will,  it  is  hoped,  have  sufficiently  demonstrated  the 
&llacy  of  employing  the  means,  that  are  occasionally  appropriate 
on  smaller  works,  to  those  of  large  extent. 

Before  entering  into  the  subject  of  works  based  on  better  prin- 
ciples, let  us  irst  examine  tibe  conditions  of  a  flood  under  circum* 
stances  that  admit  of  easy  personal  observation. 

Let  us  ima^ne  ourselves  to  be  standing  on  the  bank  of  an  Indian 
river,  as  wide  as  the  Thames  at  Hammersmith,  in  a  mansun 
season  of  unusually  high  rainfall,  the  maximum  annual  rainfall 
being  74  inches,  the  day  maximum  7  inches.  The  mansun,  or 
periodic  ndny  season,  has  set  in  tolerably  mildly ;  the  river  swells, 
increases  in  depth  and  velocity,  and  is  discoloured  at  first ;  this 
afterwards  passes  away,  and  the  water  then  runs  steadily,  tolerably 
clear.  The  rain  in<^eases  in  ihe  plains,  and  the  sky  gives  pros- 
fleets  <iS  a  heavy  storm  in  the  direction  of  the  uplands  of  the  river. 
Let  us  watch  the  effect.  The  rainfall  of  the  plains,  in  fact  the 
downpour  all  around  us,  increases  the  depth  and  the  velocity  of  the 
river,  but  its  colour  is  unchanged,  in  fact  it  seems  nearly  pure. 
Suddenly  a  roaring  of  waters,  like  that  below  an  overtopped  mill 
weir,  is  heard,  and  up  stream  we  notice  a  white  line  of  foam 
approaching ;  three  or  four  minutes,  and  a  flood  sweeps  by  on  the 
surface  of  the  river,  like  a  wall  of  water  3  or  4  feet  in  height ;  all 
this  water  is  muddy  and  dark  with  detritus.  The  waters  after  this 
again  rise  still  higher  for  twenty-four  hours,  but  are  yet  muddy ; 
the  low-lying  lands  near  the  river  are  submerged.  We  learn  after- 
wards that  a  considerable  fall  of  rain  has  taken  place  in  the  uplands 
of  the  river,  and  that  towns  and  villages  in  the  plains  have  been 
inundated. 

Such  is  the  flood,  its  subsidence  is  a  matter  of  less  moment ; 
and  such  is  the  type  of  flood  to  which  those  causing  serious  catas- 
trophes generally  belong.  In  this  case  we  fully  satisfy  ourselves  of 
the  rationale  of  the  flood ;  the  lowland  water  rises  steadily  and 
clear,  going  perhaps  one  mile  an  hour ;  the  upland  water  comes 
down  with  a  velocity  of  nearly  six  miles  an  hour  and  charged  with 
silt, — ^for  where  else  is  this  velocity  and  this  silt  to  come  from 
except  from  its  course  in  the  hills  ? — and  tops  the  lowland  water ; 
iite  oombm&tion  of  waters  gradually  dectea^g  in  speed  spread 
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themBelyes  out  oyer  the  land  in  the  first  locality,  where  the  form  of 
channel  and  banks  admit  of  it,  and  perhaps  in  more  than  one, 
extending  even  for  miles  beyond  the  natural  bed  of  the  river. 

How  is  such  a  flood  to  be  controlled  ?  Apart  from  the  Dntch  prin- 
ciple, already  shown  to  be  fallacious  on  a  large  scale,  there  are  only 
two  methods,  either  or  both  of  which  can  be  adopted.  The  first,  the 
improYement  of  the  whole  of  the  natural  drainage  lines  of  the  country 
to  such  an  extent  that  the  velocity  of  the  waters  may  under  such  cir- 
cumstances be  increased  throughout  the  whole  course  of  the  river, 
and  a  little  beyond  it,  into  the  sea  or  next  large  river,  and  «o  that 
the  natural  bed,  thus  improved,  may  be  sufficiently  large  to  carry 
off  any  previously  known  flood,  without  being  exceeded.  The 
second,  any  means  of  separating  the  upland  from  the  lowland 
waters,  holding  or  retarding  either  the  one  or  the  other,  or  portions 
of  either  one  or  the  other,  and  providing  for  their  discharge  either 
separately  in  difierent  courses^  or  at  different  times  in  the  same 
watercourse.  Let  us  first  indicate  the  nature  of  the  works  re- 
quiring execution,  when  the  former  principle  alone  is  adopted :  the 
perfecting  of  the  natural  lines  of  drainage. 

The  ultimate  free  delivery  of  the  water  into  the  sea,  or  any  way 
entirely  free  of  the  river,  is  perhaps  the  most  important  point  of 
all,  the  low-lying  lands  on  the  lower  ranges  of  the  river  being  there 
more  extensive  than  elsewhere ;  to  insure  a  free  delivery,  the  main 
outlet  of  the  river  should  be  carried  out  to  deep  water,  protected  on 
both  sides  by  banks  or  jetties,  against  the  shore  currents,  and  so 
directed  as  to  avoid  as  much  as  possible  the  retarding  influence  of 
sea  storms;  through  the  delta,  also,  a  single  direct  channel  of 
properly  determined  dimensions  should  be  made  and  protected  by 
embankments ;  by  these  means  the  mass  of  water  will,  in  forcing 
its  way  in  this  course  to  the  sea,  scour  for  itself  a  deeper  bed  at 
the  outfall  and  throughout  the  lower  ranges  of  the  river,  and  carry 
off  floods  more  rapidly,  improving  the  river  continually.  A  further 
advantage  from  confining  the  river  to  one  channel  is  that  of  the 
reclamation  of  a  large  amount  of  land  previously  occupied  by 
marshes,  as  well  as  by  the  numerous  old  channels  of  the  delta. 

In  the  middle  ranges  of  the  river  the  works  to  be  adopted  are  all 
such  as  will  promote  a  more  rapid  discharge :  the  enlargement  of 
the  bed  wherever  it  is  contracted  or  nano'vi^^  \2ii<^  x^sm^s^^  ^ 


188 

obstacles,  rocks,  small  islands,  silt  deposits,  shoals,  or  anything 
that  impedes  velocity ;  the  straightening  of  the  course  wherever  it 
can  be  done  to  good  effect ;  the  prevention  of  the  deposit  of  silt  in 
such  places  as  woold  be  objectionable ;  the  deepening  or  dredging 
of  the  bed  in  the  requisite  places :  the  whole  course  to  be  put 
under  a  regimen  that  would  remain  constant  generally,  and  besides 
continue  to  improve  itself  by  scouring  in  contradistinction  to  its 
former  habits  of  silting  up  and  causing  its  flood  levels  to  rise. 

In  the  uplands,  all  the  works  which  should  be  constructed  are 
those  that  have  for  their  object  the  control  of  the  detritus  washed 
down,  and  the  prevention  of  its  deposit  at  unfavourable  spots.  If 
the  silt  could  by  any  means  be  entirely  prevented  from  being  carried 
down  into  the  middle  ranges  of  the  river,  or  into  the  plains,  it 
would  be  a  great  achievement ;  but  this  being  hardly  possible, 
palliative  measures  are  perhaps  all  that  can  be  adopted.  Besides 
this,  the  hills  might  be  covered  with  thick  plantations,  which, 
catching  the  rainfall,  would  delay  its  departure,  prolong  the  dura- 
tion of  the  flood,  and  thus  lessen  the  amount  of  flood  water  pass- 
ing off  at  any  one  time,  or  mitigate  the  flood. 

The  necessary  works  dependent  on  the  second  of  the  principles 
previously  mentioned,  would  be  so  greatly  dependent  on  local  cir- 
cumstances that  they  can  only  be  indicated  generally.  The 
separation  and  control  of  the  water  from  the  uplands  can  be 
attained  by  making  storage  reservoirs  at  certain  places  at  the 
foot  of  the  hills,  and  running  all  the  water  falling  on  them  into 
these  by  means  of  catchwater  drains  skirting  the  bases  of  the 
hills;  from  these  reservoirs  the  water  can  be  allowed  to  escape 
under  control  into  the  main  watercourse ;  or,  if  practicable,  the 
upland  waters  may  be  discharged  through  very  large  catchwater 
drains,  independently  of  any  reservoir,  into  some  other  collateral 
watercourse  that  may  be  convenient,  employing  even,  if  necessary, 
a  separate  outlet  for  the  discharge  into  the  sea  of  the  upland  waters. 

In  the  case,  however,  of  the  main  river  or  watercourse  being 
employed  as  the  outlet  for  the  upland  waters,  it  becomes  necessary 
to  separate  the  lowland  waters  from  tbem  as  long  as  possible.  In 
order  to  do  this,  the  arterial  drainage  lines  of  the  plains  on  each 
side  of  the  main  river  require  rectifying  and  improving;  their 
waters  then  have  to  be  cut  off  from  it,  and  carried  by  two  canals 
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down  the  valley  of  the  main  river  as  far  as  some  point  where  it  may 
be  advisable  to  discharge  them  into  it  through  regulating  sluices, 
or,  if  preferable,  into  some  artificial  reservoirs  or  lakes.  These 
latter  works  would  insure  the  additional  advantages  of  perfecting 
the  entire  drainage  of  the  country,  and  of  having  a  good  water 
supply  for  irrigation. 

The  adoption  of  the  two  principles  thus  described  would  insure  a 
perfect  remedy  and  an  effective  control  of  floods  under  any  practi- 
cable circumstances.  That  such  works  would  necessarily  be  expen- 
sive there  is  no  doubt  whatever,  but  they  would  still  be  less  costly 
and  more  effective  than  the  continuous  lines  of  embankment 
designed  on  the  fallacious  principles  before  quoted;  the  works 
again  would  improve  the  rivers  instead  of  deteriorating  with  lapse 
of  time,  and  the  gain  by  reclamation  and  irrigation  would,  apart 
from  other  collateral  advantages, .  yield  a  profitable  return. 


4 —TOWAGE. 

Becent  experiments  show  that  the  pull  on  the  towrope  of  a 
barge  is,  within  practical  limits,  proportional  to  the  square  of  the 
speed,  and  that  it  varies  widely  according  to  the  form  of  the 
barge;  assuming  then  a  general  formula, 

R  =  6  T  V* 

where  R  is  the  resistance  in  lbs., 

T  =  the  displacement  of  the  barge  in  tons, 
V  z=  the  velocity  through  the  water  in  miles  per  hour, 
and  3  is  a  coefficient  depending  on  the  form  of  the  barge. 

It  has  been  found  that  for  the  small  and  bluff  barges  of  about 
70  tons  employed  on  the  Thames,  and  for  limits  of  speed  not 

1*5 

exceeding  5  miles  an  hour,  the  coefficient  b  =s  -^— =,    or  generally 

about  0*869  ;  and  that  for  well-formed  barges  of  medium  size, 

075  to  1-00  „     ,    .^,.,n 

h  zz  =-. or  eenerally  about  0*170  ; 

'  and  for  the  best  ship-Bhaped  barges  mtin  %wA  Yv(a%,  «%  ^vak 
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em{dojed  on  the  Danube  wire-rope  system,  which  have  a  length 
about  eight  timesi  their  beam,  aiid  are  about  287  tons'  displacenient, 

O6to0-6  „     ,     .^,^^ 

h  =  —        ^  or  generally  about  0*109. 

The  limit  of  speed  for  ships  will  be  about  10  miles  an  hour,  and 
beyond  these  limits  the  resistance  B  would  vary  with  the  fourth 
power  of  y :  but  within  the  assumed  limits,  calculations  may  be 
made  on  the  above  data. 

The  number  of  horses  required  to  draw  a  train  of  barges  may 
hence  be  readily  deduced.  The  best  performance  of  a  draught 
horse  working  8  hours  per  day,  is  assumed  to  be  at  the  speed  of 
2|^  miles  per  hour,  when  he  will  exert  an  average  pull  of  about 
120  lbs. ;  substituting  this  value  in  the  above  formula,  we  obtain 
for  the  tonnage  that  one  horse  will  pull  at  the  speed  of  2*5  miles 
an  hour  in  still  water, 


B^       _        120 
0-17  V*  —  0-17(2-6y 


T  =  ^.,^  x^  =  K7r^7orK\3  =  113  tons. 


In  a  current,  the  resistance  or  the  pull  upon  the  tow-line  will 
increase  as  the  square  of  the  speed  through  the  water,  but  the 
horse  in  this  instance  moving  over  the  ground  is  going  at  a 
less  speed  than  that  of  the  boat  through  the  water ;  and  this 
is  an  important  distinction,  which  must  not  be  overlooked  in 
estimating  the  effect  of  a  current  The  mode  in  which  the 
necessary  correction  must  be  effected  will  be  best  illustrated  by 
an  example. 

Beferring  to  the  last  example,  let  us  assume  that  the  barge  of 
118  tons'  displacement  encounters  an  adverse  current  of  1  mile 
an  hour,  and  it  is  required  to  know  the  reduced  speed  at  which 
the  horse  will  then  go,  assuming  him  to  be  performing  the  same 
average  work  per  hour. 

In  the  last  case,  the  said  work  in  mile-pounds  was  120  x 
2*5  =  300  mile-pounds  per  hour ;  in  the  present  case  the  pull 
upon  the  rope  will  be  proportional  to  the  square  of  the  velocity, 
through  the  water  (V),  and  the  pull  the  horse  is  capable 
of  pulling  will  be  inversely  proportional  to  the  velocity  at 
wluch  he  ia  trarelling  (v);    and  the  difference   between   these 
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two  Yelocities  will  be  the  speed  of  the  current  {v^ ;  we  haye 
therefore 

V  =  r  +  r,  where  r^  =  1  mile  per  hour 
R=  -17  TV^ 
and  Rv  =:  300  mile-ponnds  per  hour 

V2(V4-rJ  =  15-4 

whence  R  =  194  V^, and  V»  ^  V*  =  16-4 

Solving  which  we  obtain  Y  =  2*86  miles  per  hour,  the  speed  of 
the  boat  through  the  water ; — and  the  speed  past  land,  or  rate  at 
which  the  horse  is  going,  will  be  2*86 — 1  =  1*86  miles  an  hour. 

It  will  be  observed  from  this  example  that  the  influence  of  the 
current  is  relatively  less  important  when  horses  are  employed, 
than  when  steam-tugs,  either  paddle  or  screw,  are  used,  the 
reason  being  that  in  the  latter  case  the  reaction  operates  upon 
the  moving  current,  whilst  in  the  first  ease  against  the  immov- 
able tow-path.  Thus,  in  the  present  example,  if  the  horse  instead 
of  being  an  animal  moving  on  the  tow-path  had  been  a  steam 
horse  in  a  tug,  the  speed  through  the  water  would  be  the  same, 
whether  the  water  was  still,  or  ever  so  rapid  a  current.  In  this 
instance  2*5  miles  an  hour  the  speed  past  the  land,  which  is 
the  useful  result,  would  be  reduced  to  1*5  miles  an  hour  in  the 
case  of  the  tug,  instead  of  to  1*86  when  horses  are  used. 

The  difference  of  conditions  will  be  more  strongly  marked  if 
vre  assume  the  current  to  be  2*5  miles  an  hour,  because  then 
it  is  obvious  that  the  steam  tug,  capable  of  moving  through 
still  water  at  that  rate,  would  simply  maintain  its  position  if 
it  encountered  such  a  current ;  and  although  the  paddle-wheels 
or  screw  would  be  revolving  at  the  same  rate  as  before,  the  only 
result  of  their  effects,  namely,  the  maintenance  of  position  of 
the  boat  would  be  equally  attained  if  she  dropped  anchor;  in 
short,  the  whole  power  exerted  would  be  thrown  away.  In  the 
instance  of  the  barge  towed  by  horses,  on  the  other  hand,  the 
whole  power  exerted  would  be  utilized ;  and  it  may  be  shown 
by  the  same  reasoning  as  in  the  last  example,  that  the  118  ton 
barge  would  be  towed  by  one  horse  against  a  current  of  2*5 
miles  an  hour,  at  the  rate  of  1^  miles  an  hour. 

Obviously  the  same  reasoning  would  apply,  whether  the  motive 
power  on  the  tow-path  were  horses  or  a  loGomoti\e>  ot  '^\i^\!sit^ 
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the  tow-path  were  dispensed  with,  and  a  rope  were  laid  down  in 
the  bed  of  the  river,  and  coiled  ronnd  a  drum  in  a  steam-barge 
in  the  manner  now  generally  admitted  to  be  the  most  economical 
mode  of  conducting  heavy  traffic  at  a  slow  speed  in  rivers  of 
rapid  current  and  on  still-water  canals. 

From  the  above  we  may  conclude  that,  in  order  to  tabulate 
for  the  effect  of  a  current  on  the  diminution  or  increase  of  speed 
of  a  horse,  we  have  to  calculate  the  increased  or  diminished 
value  of  y  the  velocity  through  the  water,  and  apply  it  in  the 
general  formula — 

R  =  JTY^ 

inserting  different  values  for  the  constant  6,  which  lie  between 
*109  and  '869,  according  to  the  form  of  the  barge. 

In  the  above  case  B  =  120  lbs.  for  a  draught  horse;  but  for 
other  animals  ccHresponding  values  of  B,  with  reference  to  their 
best  continuous  speed,  can  be  applied. 

Assuming  a  case  of  a  current  of  8  miles  an  hour,  and  that 
the  ordinary  limits  for  the  speed  of  the  horse  in  towing  a  load 
with  and  against  stream,  are  4  and  1  mile  an  hour  respectively, 
the  velocity  through  the  water  becomes  1  and  4  miles  an  hour, 
and  the  loads  706  and  44  tons,  the  horse  performing  the  same 
average  work,  but  executing  the  average  pull  of  75  lbs.  with  stream, 
and  800  against  it. 

The  values  required  are  given  for  the  limits  in  the  following 
form. 

For  barges  having  118  tons'  displacement,  and  a  coefficient 
b  =  0*17,  the  results  are  as  follows: — 
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With  the  corrent. 


Vi  =  30 
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Here  v^  is  the  velocity  of  the  current,  whether  fayoorable  or 
adverse. 

V  is  the  velocity  of  the  barge  through  the  water. 

V2  is  the  speed  of  the  horse. 

¥3  is  the  velocity  through  the  water  for  the  case  in 
which  a  steam-barge  is  used,  and  is  given  to  illustrate  the  com- 
parison. 


5.— ON  VARIOUS   HYDRODYNAMIC   FORMULAE. 

The  results  of  the  various  formulsB  given  for  determining  dis- 
charges, according  to  various  authors,  vary  very  greatly ;  and  it  is 
hence  interesting  to  examine  them  in  a  tabulated  form  in  comparison 
with  measured  discharges. 

The  following  data  of  comparison  are  given  by  Mr.  David  Steven- 
son, and  by  Captains  Humphreys  and  Abbot ;  they  apply  to  four 
cases  of  river  discharge,  from  a  small  stream  up  to  the  Mis- 
sissippi ;  thus  including  all  limits  Tvdthin  which  such  formulsB  are 
required. 

1.  For  a  small  stream  of  24  cubic  feet  per  second.  Mr.  David 
Stevenson  made  careful  measurements,  and  velocity  observations, 
and  compared  the  measured  results  with  the  results  of  formnlsB, 
thus: 

1.  Measured  discharge     24*22 

2.  By  Dubuat's  formula 82*50 

8.  By  Robinson's  formula  86*90 

4.  By  Ellet's  formula       ...  46*40 

5.  By  Beardmore's  tables  88*92 

6.  By  Downing's  formula,  coeflScient  1*00  41*28 

7.  By  Leslie's  formula,  coeflScient  *68  ...  28*04 

2.  For  a  river  of  2424  cubic  feet  per  second.  Mr.  David 
Stevenson  and  Dr.  Anderson  made  velocity  observations  on  the 
Tay,  at  Perth,  and  the  comparisons  are  thus : 

1.  Measured  discharge     ...         ...         2428 

2.  By  Dubuat's  formula ^^ 
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8.  By  Itobiii8on*8  formnla 

4.  ByEllet's  formula      

5.  By  Beardmore's  tabular  formula 

6.  By  Downing's  formula,  coefficient,  1 

7.  By  Leslie's  formula,  coefficient,  *68 


00 


2560 
2088 
2609 
2769 
2088 


It  is  unfortunate  that  in  these  two  cases  the  hydraulic  data, 
which  would  enable  us  to  extend  the  comparison  to  other  formulae, 
are  not  given. 

8.  For  a  large  river  of  81  864  cubic  feet  per  second ;  the  data  of 
tho  Great  Nevka,  measured  by  Mr«  Destrem,  were  as  follows : 


Area  of  section  15  654 
Discharge  81 864 

Mean  velocity      2*0486 
Slope       .        .    *()00014  87 


width  881 

perimeter  893 

maximum  depth  21 


The  following  are  the  results  due  to  these  data  calculated  by  various 
formulsB  for  mean  velocity  of  discharge : 

1.  Measured  discharge 81  864 

2.  Young's  coefficient 21102 

8.  Eytelwein's  coefficient  28  389 

4.  Downing's  coefficient 25  081 

6.  Dubuat's  formula       16  981 

6.  Girard's  formula        22  491 

7.  De  Prony's  canal  formula     22  357 

8»  Young's  formula        19  777 

9,  Dupuit's  formula       23  546 

10.  St.  Venant's  formula  21  811 

11.  Ellet's  formula  13  807 

12.  Mississippi  new  formula       39  938 

4.  For   a   very  large   river,  the  Mississippi  at  Carrolton,  the 
measured  data  at  high  water  in  1851,  were. 

Area  of  section     193  968  width    2658 

Discharge  I  149  948  perimeter  2698 

Mean  velocity  5*9288  maximum  depth  136 

Slope     '  -000  OaO  51; 
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and  the  correspondiog  results,  which  are  kept 
Telocity  to  reduce  figures,  were, 

1.  Measured        

2.  Young's  coeflBcient    ... 
S.  Eytebrein's  coefficient 

4.  Downing's  coefficient 

5.  Dubuat's  formula 

6.  Oirard's  formula 

7.  Be  Prony*s  canal  formula 

8.  Young's  formula 

9.  Dupuit's  formula 

10.  St.  Tenant's  formula 

11.  Ellefs  formula 

12.  Mississippi  new  formula 

A  careful  examination  of  these  results  in  four  cases  of  rivers 
cannot  fail  to  be  instructive ;  but  before  entering  into  comment 
on  the  discrepancies  and  their  peculiarities,  let  us  also  examine  the 
following  list  of  total  discrepancies  of  mean  velocity  in  thirty  cases 
of  rivers,  streams,  and  canals  of  all  sizes  given  by  Captains  Hum- 
phreys and  Abbot  in  the  Mississippi  Beport,  which  would,  no 
doubt,  be  more  instructive  were  the  cases  classified  as  to  size. 


ich  are 

kept  in  terms  of  mean 

5-9288 

...     8-2400 

...     8-5898 

•                 *  •  • 

...     8-8434 

...     2-7468 

...     4-8148 

...     8-7271 

...     8-2741 

...     4-8752 

..     8-4907 

...     8-0451 

...     6-8903 

The  total  discrepancies  are : 

1.  Measured  mean  velocity  of  discharge  discrepancy 

2.  Young's  coefficient  ... 
8.  Eytelwein's  coefficient 

4.  Downing's  coefficient 

5.  Dubuat's  formula    ... 

6.  GKrard's  formula 

7.  De  Prony's  canal  formula 

8.  Young's  formula    ... 

9.  Dupuit's  formula     ... 

10.  St.  Venant's  formula 

11.  EUet's  formula 

12.  Mississippi  new  formula 


0- 
82-9420 
28-4411 
26-6988 
40-4417 
87-4472 
28-0905 
88-8884 
25-1488 
80-6619 
45-8547 

6-8920 


From  this  last  table  of  dcrepandes  it  appoaxt^  \Sia\i  \2si^  ^^S^^^^- 


196 

sippi  new  formula  is  by  far  the  most  correct,  and  after  it  the 
formulsB  of  Dupuit  and  Downing,  while  the  two  worst  are  the 
formulsB  of  Ellet  and  Dubuat ;  but  then  it  must  be  remembered 
that  the  greater  number  of  these  thirty  cases  are  those  of  large  and 
very  large  rivers. 

In  the  fourth  of  the  previous  cases,  a  very  large  river  the 
Mississippi  new  formula  is  by  far  the  most  correct,  and  then  come 
in  order  of  correctness,  Dupuit,  Girard,  and  Downing,  while  Ellet 
and  Dubuat  are  again  the  worst.  In  the  third  case.  Downing  is 
most  correct,  then  Dupuit,  afterwards  the  Mississippi  new  formula, 
Ellet  and  Dubuat  again  the  worst.  In  the  second  case  Ellet  and 
Dubuat  remain  the  worst,  and  the  best  are  Bobinson,  Beardmore, 
and  Downing.  In  the  first  case  Leslie  and  Dubuat  are  best,  and 
Downing  worst. 

It  will  be  understood  that  the  formula  mentioned  as  Downing*s 
being  more  familar  to  many  under  that  name,  is  really  that  of 
d'Aubuisson,  but  applied  to  English  measures. 

The  inevitable  conclusion  from  all  these  comparisons  is  that  not 
one  of  these  formulsB  is  correctly  applicable  to  rivers  of  different 
sizes,  nor  holds  its  own  equally  as  regards  correctness  throughout. 
For  the  few  and  special  cases  in  which  the  discharge  of  an  extremely 
large  river  is  required,  the  Mississippi  new  formula  would  neces- 
sarily be  used,  in  spite  of  its  form  being  rather  unwieldy  ;  and  in 
the  same  way  Dupuit's  formula  for  a  large  river.  But  for  ordinary 
general  purposes  the  thing  that  the  practical  hydraulic  engineer 
requires  is  a  formula  tolerably  well  suited  to  all  cases  and  of  a 
simple  form,  so  as  to  adniit  of  easy  rapid  calculation.  The  most 
simple  type  of  formula  is  that  of  Downing  or  d'Aubuisson,  which 
gives  for  mean  velocity  of  discharge 

V  =  100  (RS)i 
where  E  =  mean  hydraulic  radius 
and  S  =  mean  hydraulic  slope ; 

aod  this,  too,  is  the  formula  shown  to  have  been  generally  the  most 
correct  throughout  all  the  comparisons  and  discrepancies,  failing 
only  in  the  very  smallest  streams,  and  evidently  worse  according  as 
the  stream  or  discharge  is  less;  this  then  is  evidently  the  best 
formulfi  for  general  purposes,  and  simply  requires  modification  by 
experimental  coefficients  to  answer  a\\  oxftmors  Tft(\vviiements. 
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The  formnlsB  of  Young,  Eytelwein,  Beardmore,  Stevenson,  and 
Leslie^  all  belong  to  this  type,  merely  using  other  numerical  coeffi- 
cients instead  of  100. 

Putting  Downing's  formula  into  the  general  form 

V  =c  X  100  (RS)* 
where  c  =  1  according  to  Downing, 

the  values  of  c,  according  to  the  other  formulsB  of  the  same  type  are 
thus: 


c  ss 

Young,  for  large  streams      

...     -843 

Neville,  rivers,  velocity  <  1*5  feet 

...     -923 

„            „          „       >  1-5  feet      ... 

...     -933 

Eytelwein,  generally             

...     -934 

Beardmore,  open  channels    ... 

...     -942 

Stevenson,  for  rivers  of  30  cubic  feet 

...     -690 

„                 „     2500  cubic  feet 

...     -960 

Leslie,  small  streams 

...     -688 

„       large  streams .. , 

...  1- 

Downing         1 

Taylor 

■  for  open  channels 

...  1- 

D'Aubuisson 

From  the  comparison  of  the  results  of  the  formuIsB  containing 
these  coefficients,  we  may  then  tabulate  values  of  c  that  will  be 
practically  correct,  when  suitably  applied  into  the  general  formula. 
The  comparisons  before  mentioned  show  that  Downing's  coeffi- 
cient 1*00  gives  too  small  results  in  cases  when  the  area  exceeds 
7000  square  feet,  with  a  mean  velocity  of  2*5  ft.,  or  a  discharge  of 
17  500  cubic  feet  per  second,  and  too  large  results  for  cases  of 
smaller  data ;  that  the  Eytelwein  coefficient  '934  in  the  same  way 
is  too  small  above  and  too  large  below  discharges  of  about  2000 
cubic  feet  per  second ;  and  the  Young  coefficient  '843  is  incorrect 
for  everything  above  900  cubic  feet  per  second ;  also  that  for  petty 
streams  of  25  cubic  feet  per  second,  a  coefficient  of  about  *600  is 
tolerably  correct. 

It  is  evident  then  that  with  a  very  large  number  of  cases  of  care- 
fully measured  discharge,  this  principle  of  determining  practical 
coefficients  in  relation  to  approximate  volume  or  velocity  might  be 
carried  out  to  further  exactness ;    allo^anc^E  ioT  Vtr^^c^s^x^^'Sk) 
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lateral  bends,  and  so  forth,  being  made  independently  of  this 
coefficient,  as  woold  be  done  in  any  case. 

Some  tabolated  values  of  c,  determined  in  this  way,  suitable  to 
canals  in  earth  in  good  order,  are  given  in  Chapter  I.,  page  80. 

To  apply  this  same  principle  to  discharges  through  pipes,  taking 
the  same  general  formula, 

V  =  i?  X  100  (RS)*. 

As  this  formula  becomes  more  convenient  in  practice  in  terms  of 

the  diameter  of  the  pipe  (d),  it  becomes  for  fall  cylindrical  pipes 

d 
and  tubes,  where  B  =  -: 

Y  =  €  X  bO{dS)i. 
And  again  as  the  actual  discharge  is  the  quantity  most  often  wanted, 

this  is 

Q  =  At?  =  c  X  -78541  d*  x  50(S£f)*. 
=  c  X  39-27  (S  d')^ ; 
and  transposing  this 


'-i^i^y- 


Taking,  then,  an  example  in  Order  to  compare  the  results  of 
the  various  formulsB, 

.    Let  Q  =  18*57  cubic  feet  per  second 
S  =  1  in  1276, 

and  the  results  then  are  for  diameter : 

1.  By  Dubuat's  formula 

2.  By  Neville  coefficient  -228      

8.  By  the  above  formula,  coefficient  0*28 

4.  Young's  modification  of  Eytelwein    ... 

5.  Beardmore,  coefficient '285 

6.  Hawksley  (in  Box's  tables) 

7.  De  Prony  and  Darcy 

8.  De  Prony's  modification  of  Dubuat    ... 

t/ •    \7\Jx u" V  ..•  ••■  *..  ...  ...  . 

Besides  these,  there  are  very  many  authors  that  would  give 

results  for  diameter  very  much  below  that  of  Young ;  it  appears  also 

tiiat  none  of  these  formulae  apply  equally  well  to  both  high  and  low 

relocitiea  ofdiacb&tge,  although  it  ia  xmfoTioa&te  that  a  sufficiently 


33-74 
36-80 
87-12 
37-17 
37-92 
89-59 
47-71 
48-16 
48-84 
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large  number  of  data  are  not  forthcoming  to  determine  correotly 
the  limits  at  which  it  woold  be  advisable  to  change  the  coefficient. 
The  above  comparisons  while  showing  the  merits  of  the  various 
formulae  in  certain  cases,  also  point  to  the  very  evident  conclusion, 
that  a  variable  coefficient  of  discharge  is  necessary  both  for  rivers, 
channels,  and  pipes ;  and  that  it  must  be  suitable  both  to  the 
dimensionB  and  the  conditions  of  each  particular  case.  The  best 
mode  now  known  of  doing  this  is  that  of  Mr.  Eutter  of  Bam,  which 
is  applied  to  English  measures  in  Chapter  I.  of  tliis  Manual :  the 
values  of  coefficients  being  also  given  in  the  Working  Tables. 


6.— IRRIGATION  FROM  WELLS  Df  INDIA, 

There  is  unfortunately  a  large  number  of  Indian  officials  that 
believe  that  irrigation  from  wells  in  India  is  more  profitable  than 
irrigation  from  canals  conveying  the  water  of  rivers  and  delivering 
it  on  the  surface  of  the  land  by  the  aid  of  gravity  alone ;  they 
generally  are  men  not  likely  to  be  persuaded  to  the  contrary  by 
engineers,  however  good  their  reasoning  might  be;  and,  unfor- 
tunately, engineers  are  not  always  provided  with  facts  and  figures. 
To  these  latter,  therefore,  the  following  data  may  be  of  service ; 
they  were  drawn  up  as  applicable  to  the  years  1855  and  1870; 
the  former  by  Captain  Baird  Smith,  the  latter  by  the  author. 

Comparison  of  Irrigation  bif  Wells  with  tliat  by  Canals  for  a 
District  of  1  500  000  acres  in  Northern  India  in  1856. 

By  wells — Capital : — 

Wells  costing  £20  each,  for  10  acres       ...     jS8  000  000 
Machinery,  etc.  (and  bullocks  ?) 1  000  000 


£4  000  000 


Annual  expenses : — 

800  000  men  at  £3  a  year            £900000 

1  200  000  buUocks  at  £1\  a  year             ...  1 440  000 

10  per  cent,  interest  on  capital 400  000 


£2  740  000 
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■■>•-     -^            * 
By  canals :—                     .                    ^    yi 

(assuming  the  data  of  the  Eastern  Ji^na  Ganal). 

Capital: —                                            ^         --       ^ 

1  500  000  acres  at  5«-  an  acre       . .  /        ...       ^75  000 

Annual  expenses : — 

Water  rent  at  2a.  an  acre 

• 

a   .  •                             1 

>  •  • 

'    £150  000 

Watercourse  repairs  at  Id.  an  acre 

t .  • 

43  750 

Labour  at  £^  8«,  per  annum 

•  •  •                             • 

•  • 

72  000 

10  per  cent,  interest  on  capital 

•  •  « 

>  •  • 

87  500 

£203  250 

Comparison  in  favour  of  Canals. 


Capital  1  to  9 ;  annual  expenses  1  to  18. 
Saying  effected  annually  2^  millions. 


Comparison  of  Irrigation  by  WeUs  with  that  by  Canals  in 

Iforthem  India,  for  1870. 

Data. — The  Bastem  Jumna  Canals  in  1864—65  had  cost  158. 
p(nr  acre  irrigated ;  the  Western  Jumna,  up  to  1863—64,  had  cost 
12a. :  hence  assuming  20a.  for  a  less  favourable  canal. 

By  canal :—  Pe^  Acre. 

£    $,    d. 

Capital  expended  on  a  developed  canal  should 

not  exceed          1..  10  0 

Return  levied  by  water-rate,  dues,  and  increase 

of  land  assessment         ...          ...           ...  015  0 

Working  expenses               ...           ...           ...  0     5  0 

Net  profit  50  per  cent.        ...           ...           ...  010  0 

By  wells : — 

Capital  expended  on  a  well  10  feet  deep  with 
machinery,  &c.,  to  irrigate  10  acres  at  a 
cost  of  J£80,  gives  a  cost  per  acre    8     0    0 

Working  expenses,  including  interest  on  prime 

COBt       ...  ...  ...  ...  ...     1     0     0 
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iparison  in  favour  of  Canals. 

u9 ;' annual  expenses  1  to  4. 
SaTing^  effected   annually  on   a  district  of    1 500  000  acreSi 
1|  millions. 

The  profit  of  50  per  cent,  net,  allowed  in  the  last  comparison, 
has  already  been  exceeded  on  the  Eastern  Jumna  Canals ;  nor  is 
that  nearly  so  high  a  profit  as  might  have  been  effected  had  the 
works  been  carried  out  steadily,  continuously,  and  by  experienced 
engineers,  under  arrangements  that  would  have  caused  or  forced 
the  landholders  at  once  to  utilize  all  the  water,  or  sell  their  lands 
to  others  that  would  do  so. 

Other  important  data'  in  connection  with  irrigation  canals  are, 
the  saving  effected  by  doing  away  with  remission  of  land  assess- 
ment in  famine  years,  and  the  value  of  the  produce  and  cattle 
saved  in  years  of  drought ;  the  indirect  advantages  to  the  country 
and  the  Government,  resulting  from  increase  of  produce  and  of 
population,  are  innumerable.  Well  irrigation,  on  the  contrary, 
fails  at  the  time  when  it  is  most  wanted,  the  ordinary  wells, 
being  shallow,  drying  up  in  years  of  drought. 

In  the  I^draulicr  Statistics  are  some  data  having  reference  to 
irrigation  from  wells  in  different  parts  of  India. 


7 —THE  WATERING  OF  LAND. 

The  following  is  the  usual  mode  of  classifying  crops  with 
regard  to  their  special  treatment  under  irrigation.  1.  Grass 
meadows,  or  natural  meadows  of  graminesB.  2.  Dry  grain  crops 
or  cereals.  8.  Leguminous  crops.  4.  Root  crops.  6.  Those 
specially  requiring  more  water:  rice,  indigo,  tobacco,  sugar, 
bamboo,  water-nuts.  6.  Garden  or  fruit  crops.  7.  New  plan- 
tations, and  trees. 

Peculiarities  of  climate,  soil,  and  water  will  generally  affect 
the  amount  of  water  required  for  irrigation  probably  more  than 
than  the  species  of  crop.  In  England  meadows  of  grass  land,  or 
Italian  rye-grass,  are  those  that  generally  profit  most  from  irri- 
gation.   The  usual  plan  is  to  keep  the  \«xi^  ^ocA<^  \ic^  ^  ^^^^  ^^^ 


202 

two  inches  during  the  months  of  October,  Kovember,  December 
and  January,  for  twenty  days  at  a  time,  and  then  to  let  the 
water  drain  off  from  it  for  five  days,  before  putting  it  again  under 
water.  In  frosty  weather,  however,  ihe  field  should  always  remain 
flooded.  In  February  and  March  the  fields  are  flooded  for  eight 
days  at  a  time  at  night  only ;  at  the  end  of  March  the  land  is  left 
dry ;  and  in  May  the  grass-crop  is  cut.  Irrigating  fields  in  England 
in  the  hot  weather  is  liable  to  produce  rot  in  sheep,  but  does  not 
harm  cattle. 

There  are  two  methods  of  laying  out  the  courses  or  channels 
in  English  fields : 

1.  The  bedwork  system,  applicable  to  flat  land. 

2.  The  catchwater  system,  applicable  to  steeper  country. 

According  to  the  former,  the  land  is  made  into  a  series  of  very 
flat  ridges,  having  a  general  direction  nearly  at  right  angles  to 
the  channel  ef  supply,  and  being  never  more  than  70  yards  long 
and  about  40  feet  wide,  the  inclination  of  the  ridge  itself  having 
a  fall  of  about  1  in  500,  and  the  inclinations  of  the  sides  of 
the  flat  ridges  varying  with  the  retentive  power  of  the  soil,  from 
1  in  100  to  1  in  1000 ;  the  crown  of  the  ridges  is  not  neces- 
sarily, therefore,  in  the  middle  of  the  breadth  of  the  base  of  the 
ridge.  The  feeding  and  drainage  channels  are  generally  from 
20  inches  wide  at  their  junctions  to  12  inches  at  their  ends. 

The  catchwater  system  Hsed  in  Devonshire  and  Somersetshire 
consists  of  a  series  of  ridges  made  across  the  general  course  of 
the  water,  which  hold  the  water  up,  and  retain  it  over  succes- 
sive long  strips,  the  water  passing  slowly  round  the  end  of  one 
ridge  to  the  lower  land  above  the  next  ridge,  and  so  on.  This 
is  necessarily  far  cheaper  than  the  other  system — about  half,  and 
can  be  carried  out  at  the  cost  of  about  five  pounds  an  acre. 

Throughout  the  world  generally,  there  may  be  said  to  be  only 
four  methods  of  distributing  water  on  or  throughout  surfaces, 
of  which  all  others  are  mere  modifications.  In  all  eases  it  is 
best  that  the  land  should  have  one  general  slope  throughout, 
the  irrigation  channel  nmning  along  the  head  of  this  slope,  the 
main  catchment  drain  along  the  bottom. 

The  first  method  is  that  to  which  the  English  bedwork  system 
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belongs,  the  field  being  prepared  in  furrows  and  ridges  alternately 
from  the  head  to  the  foot  of  the  slope,  either  in  the  directioji  of 
the  fall  or  making  an  angle  with  it,  according  as  the  quality  of 
the  soil  and  the  general  slope  of  the  land  may  require ;  these 
flat  furrows,  being  from  10  feet  to  50  feet  wide  and  only  a  few 
inches  in  depth,  receive  the  water  from  the  irrigating  channel, 
which  will  then  cover  the  land  nearly  up^  to  the  crests  of  the 
ridges,  or  in  fact  entirely  if  need  be. 

The  second  method  is  very  similar  to  the  first,  but  the  water, 
instead  of  flowing  in  the  furrows,  runs  in  little  trenches  cut  along 
the  crests  of  the  ridges,  overflows  the  sides,  waters  the  slopes,  and 
drains  off  in  the  furrows  down  to  the  main  catchment  drain.  The 
ridges  used  in  this  system  are  generally  wider  than  those  of  the 
first  system,  and  have  a  greater  lateral  inclination. 

The  third  or  commonest  method  for  applying  water  on  a  small 
scale  is  to  distribute  the  water  in  little  trenches  around  small 
squares  and  rectangles  of  land,  allowing  it  to  permeate  throughout 
the  surface  enclosed,  which  must  be  very  nearly  level  with  the 

water  in  the  trenches. 

The  fourth  method,  most  commonly  adopted  in  Spain,  Portugal, 
and  India,  in  cases  where  much  water  is  required  to  remain  on  the 
land  for  some  time,  as  for  rice-crops,  or  many  grain  and  other 
crops  in  their  early  stages,  that  could  not  thrive  on  hard  baked 
soil,  consists  in  levelling  the  land  into  a  number  of  nearly  flat 
squares  and  rectangles,  divided  from  each  other  by  small  ridges  or 
dwarf  mud  walls,  to  hold  the  water  on  them.  The  number  of  rect- 
angles depends  on  the  fall  of  the  ground  ;  the  water  is  allowed  to 
flow  in  at  some  corner  or  temporary  break,  and  flow  out  in  the  same 
way  on  to  the  next  rectangle  when  it  has  remained  sufficiently  long* 

As  to  soil : — For  the  surface,  the  most  permeable  is  best,  being 
most  easily  warmed,  and  allowing  the  water  to  arrive  at  the  roots 
of  the  grass  most  quickly ;  a  retentive  surface-soil  causes  evapo* 
ration,  and  cools  the  land,  which  is  generally  a  disadvantage, 
though  not  so  under  some  circumstances ; — a  subsoil  of  clay,  being 
retentive,  is  an  advantage  in  very  dry  climates,  as  it  economises 
water.  In  hot  climates  the  soil  is  of  inferior  importance  to  the 
quality  of  the  silt  transported  and  deposited. 
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As  to  the  quantity  of  water  required  for  irrigating  a  certain 
area: — In  Kedmont  and  Lombardy  one  cubic  foot  per  second 
waters  50  to  100  acres  of  marcite  or  grass-land,  or  only  40 
acres  of  rice ;  in  England  the  amount  required  is  generally  also  1 
cubic  foot  per  second  per  50  to  100  acres;  in  the  Madras  Pre- 
sidency and  in  the  North- West  Provinces  1  cubic  foot  per  second 
waters  in  ordinary  seasons  100  acres  of  rice,  or  other  very  wet 
cultivation,  but  in  very  dry  seasons  the  duty  is  as  low  as  50  acres ; 
but  taking  all  the  crops  watered  throughout,  counting  single 
waterings  and  all  the  duty  per  cubic  foot  per  second,  is  200  acres 
both  in  Northern  and  in  Central  India ; — the  hightest  duty  actually 
performed  being  about  270.  In  Northern  India  one  cubic  foot 
per  second  waters  4^  to  5^  acres  for  24  hours.  But  details  as  to 
amount  necessary  in  Spain,  Italy,  France,  for  Orissa,  the  Panjab, 
and  India  generally,  will  be  found  in  the  Hydraulic  Statistics. 

As  to  quality : — Pure  water  is  bad  for  rice  cultivation,  and  is 
always  far  inferior  to  that  which  brings  fertilizing  particles  with  it. 
The  best  water  for  irrigating  land  may  be  said  to  be  that  which 
brings  with  it  a  fertilizing  matter  most  suitable  to  the  improvement 
of  the  land  under  irrigation.  As  a  rule,  water  containing  much 
hydrous  oxide  of  iron  is  very  bad ;  so  also  the  water  that  comes 
from  forest  or  peat-moss  is  inferior.  The  water  that  comes  from  a 
granite  formation,  holding  potash,  is  good ;  so  also  is  water  that 
comes  from  pure  carbonate  of  lime;  if  the  water  is  brackish,  it  is 
no  objection ;  salt  water  meadows  are  highly  productive.  A  good 
method  of  foretelling  the  eflfects  of  the  water  is  by  observing  the 
natural  products  of  the  irrigating  water,  such  as  the  grasses  and 
plants  that  grow  on  its  borders. 

With  regard  to  the  temperature  of  the  water,  very  cold  spring 
water  is  not  generally  good,  and  crops  require  careful  preservation 
from  the  eflfects  of  frost  in  winter.  Warmed  water  is  generally  ad- 
vantageous, and  causes  rapid  growth ;  it  is  probably  for  this  reason 
that  water  that  has  been  long  exposed  to  air,  soil,  and  sun  is  more 
fertilizing  than  it  was  in  its  previous  condition.  Morning  and 
evening  are  the  best  times  for  watering.  The  long  exposure  of  the 
water  is  much  aflfected  by  the  inclination  of  the  land ;  the  incli- 
nation of  the  main  channels  in  Lombardy  is  about  1  in  8600,  in 
Piedmont  1  in  1600,  in  Provence  1  in  1000,  in  Tyrol  1  in  500  to 
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1  in  300,  in  Northern  India  it  is  generally  kept  between  1  in  1000 
and  1  in  2000.  In  India  generally  it  is  usual  so  to  arrange  the 
inclinations  that  the  resulting  mean  velocity  of  current  may  never 
exceed  three  feet  per  second. 

In  connection  with  the  watering  of  the  land,  the  management 
of  its  drainage  is  a  matter  of  the  highest  consequence.  Modes 
and  styles  of  drainage  are  necessarily  varied,  according  to  local 
circumstances ;  but  they  all  have  one  main  object,  to  keep  the 
circulation  of  the  water  and  the  air  through  the  soil  under  per- 
fect command,  so  that  the  periods  of  intermittency  may  be  so 
managed  as  to  suit  the  soil,  the  crop,  and  the  circumstances. 
Any  want  of  good  management  on  this  point,  is  liable  to  cause 
most  deplorable  results;  stagnation,  causing  decomposition  and 
malarious  effects  in  the  neighbourhood,  and  even,  in  the  case  of 
sewage  irrigation,  making  the  very  crops  grown  to  be  useless  as 
food  for  man  or  beast. 

For  the  healthy  support  of  crops,  a  certain  amount  of  water 
and  of  stimulant  may  be  used  advantageously  (see  Hydraulic 
Statistics :  Watering  of  Crops  in  France) ;  beyond  this,  any  addi- 
tion is  worse  than  a  loss — it  is  a  positive  source  of  injury — 
clogging  the  soil,  and  preventing  it  from  fulfilling  its  necessary 
functions.  With  regard  to  the  period  of  intermission  advisable,  it 
probably  varies  greatly;  recent  experience  in  England  would,  how- 
ever, seem  to  show  that  equal  intervals  of  watering,  and  of  drain- 
ing off,  for  twelve  hours  at  a  time,  afford  the  most  rapid  way  of 
utilizing  in  irrigation  as  much  sewage  as  possible :  further  ex- 
perience, however,  is  perhaps  likely  to  show  that  this  is  not  by  any 
means  a  rule  to  be  followed  generally  in  all  soils  and  conditions. 

Assessment  of  Water-rate. — There  are  three  principles  on  which 
water-rate  may  be  levied  on  land. 

1.  By  fixed  outlet,  or  by  measurement. 

The  small  channel  of  supply  being  constantly  full  and  of  a 
certain  section,  the  rate  may  be  charged  at  so  much  per  square  inch 
or  square  foot  of  section,  independently  of  the  amount  of  pressure, 
for  a  certain  time,  as  by  the  hour  or  day  of  24  hours.  This  has 
been  adopted  in  Italy,  but  has  not  been  found  to  act  well. 

A  further  development  of  this  melliod  \%  \;ci  TCifi»ssa\^\s^  \SisA5^<^ 
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all  the  water  as  distributed,  a  mode  more  likely  to  be  adopted  at 
present,  now  that  modules  are  less  expensive  and  more  effective 
thau  formerly. 

2.  By  area  of  land  irrigated,  or  by  crop. 

This  has  the  following  disadvantages ;  the  land  to  be  irrigated 
is  always  varying  in  amount,  and  this  cannot  be  watched  in  detail 
con^ually,  nor  can  the  landowners  be  trusted  to  state  truthfully 
the  amount  of  acreage  over  which  water  has  been  distributed; 
The  crop  can  also  be  varied,  so  as  to  use  more  or  less  water,  and 
the  payment  by  crop  also  would  be  useless  against  cheating.  Again, 
in  a  good  rainy  season  the  cultivator  might  try  under  these  cir- 
cumstances to  do  without  the  canal  water,  thus  causing  the  water- 
rate  to  be  precarious. 

8.  Water  distribution  by  rotation. 

An  irrigating  channel  of  fixed  dimension,  giving  a  constant  fixed 

discharge,  passes  through  the  lands  of  several  proprietors ;  a  period 

of  rotation  is  fixed  for  this  channel,  from  6  to  16  days  according  to 

the  crops,  the  former  for  rice  and  the  latter  for  meadow  land,  as, 

for  instance,  in  Italy.     Each  landowner  can  then  have  the  whole 

volume  of  the  channel  turned  on  to  his  land  once  in  the  total 

period  of  rotation  for  a  certain  number  of  hours,  as  from  two  to 

forty  or  fifty  according  to  the  amount  of  land  he  owns. 

For  example.     Let  ten  days  be  the  period  of  rotation,  and  let 

him  require  twelve  hours'  supply  once  in  that  period.    His  name  is 

placed  on  the  list,  say  sixth,  and  he  gets  his  supply  turned  on  at 

a  fixed  hour  and  turned  off  at  a  fixed  hour  also.     If  the  channel 

gives  twenty  cubic  feet  per  second,  his  amount  of  water  is  equiva- 

20  X  12 
lent  to  a  continuous  discharge  of  — — =  1  cubic  per  second. 

In  this  way  intermittent  supplies  admit  of  mutual  comparison. 

Last  with  regard  to  the  cultivators  themselves : — Whether  on 
the  Continent,  or  in  England,  the  farmer  is  generally  a  grumbler 
under  any  state  of  affairs.  In  India  the  cultivator  invariably  com- 
plains, although  his  assessment  is  very  small  by  comparison  with 
the  local  circumstances ;  if  he  grow  two  very  moderately  good  crops 
in  the  year,  it  would  only  amount  to  about  two  and  a  half  per  cent, 
per  annum  on  the  value  of  the  produce,  and  he  can  therefore  well 
afford  to  pay  large  water-rates,  especially  since  both  the  yield  and 
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the  number  of  crops  produced  on  irrigated  land  is  doubled,  and 
the  highest  water-rate  is  small  in  comparison  with  the  expense  of . 
making  wells  and  raising  the  same  amount  of  water  by  animal 
power  throughout  the  year ;  he  enjoys  also  the  advantage  of  living 
under  a  government  that  remits  the  land  assessment,  and  dis- 
tributes food  gratis  in  years  of  famine,  while  not  demanding  more 
assessment  in  years  of  plenty.  If  the  water-rate  is  in  some  just 
proportion  to  the  increase  of  produce  and  saving  of  expense  result- 
ing from  the  irrigation,  it  matters  not  how  large  per  acre  the  rate 
may  appear  to  be.  If  the  irrigation  is  applied  to  suitable  land  in 
such  a  way  that  the  natural  drainage  of  the  country  is  not  inter- 
fered with,  there  can  be  no  detriment  to  the  health  of  the  culti- 
vator ;  this  can,  however,  be  rarely  carried  to  perfection  in  actual 
fact.  To  this  it  can  be  replied,  that  the  population  will  thrive  on 
the  whole  and  increase  largely,  which  may  be  considered  as  a 
set-off  on  that  account,  and  that  landowners  who  prefer  going 
away  can  always  do  so  and  part  with  their  land  at  a  premium ; 
land  always  commanding  a  ready  sale.  A  compulsory  water-rate 
on  land  that  is  under  water  command  cannot  be  considered  a  hard- 
ship by  any  one  that  considers  the  subject  in  a  fair,  unprejudiced 
manner ;  the  privilege  of  being  able  to  obtain  water  should  be  paid 
for,  and  since  the  same  principle  has  always  been  applied  to  town 
supply  of  water,  for  which  every  inhabitant  has  to  pay  whether  he 
uses  it  or  not,  there  is  no  reason  for  leaving  the  payments  of  water- 
rate  in  the  country  to  be  optional.  Whether  both  the  landowner 
and  the  occupier  should  pay  separately  for  the  advantages  they 
both  receive  is  a  point  dependent  on  the  local  tenure  of  land; 
under  ordinary  circumstances  they  doubtless  should  do  so,  the 
occupier  being  benefited  by  increase  of  produce,  the  landowner  by 
increase  of  rent ;  but  in  any  case  the  whole  of  the  advantages 
should  be  paid  for. 

8.— CANAL   FALLS. 

That  a  fall  of  water  at  the  headworks,  or  at  any  part  of  a 
canal,  should  be  allowed  to  remain  unutilized,  appears,  in  these 
days  of  expensive  fuel  and  costly  motive  power,  to  be  a  very 
painful  waste  of  a  valuable  advantage.  One's  natural  tendency 
is  to  devise  means  and  ways  of  umvg  e^erj\3[^\^,  «s^\f^\!c&.'bs^^ 
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that  there  could  hardly  exist  circamstances  under  which  it 
would  be  necessary  to  arrange  for  the  destruction  of  the  power 
ftud  velocity  generated  by  a  fall  of  water.  Grinding  com, 
pressing  sugar,  or  extracting  oil,  are  requirements  even  in  semi- 
barbarous  countries,  by  which  such  motive  power  could  be  easily 
utilized,  even  if  it  were  available  for  only  four  months  in  the 
year.  In  spite  of  this,  however,  it  seems  rather  frequently  to 
occur,  that  in  distant  countries  the  engineer  has  to  devise  means 
for  destroying  the  effect  of  a  fall  of  water ;  this  occurs,  generally, 
either  at  the  headworks  of  a  canal,  where  the  water  entering  the 
canal  in  flood  seasons  has  a  great  head  of  pressure,  or  at  certain 
points  in  a  canal  where,  owing  to  the  inclination  of  the  country 
being  steeper  than  that  due  to  a  convenient  velocity  of  canal 
current,  it  has  been  found  necessary  to  concentrate  the  super- 
abundant fall :  the  Ganges  Canal  and  the  Baii  Doab  Canals  have 
many  such  examples.  In  either  case,  as  the  fall  is  independent 
of  navigation  of  any  sort,  which  has  to  be  conducted  in  a  special 
channel  of  detour,  the  problem  is  one  of  economy.  The  natural 
means  would  be  to  break  up  the  force  of  the  water  by  both  lateral 
and  vertical  breaks  and  angular  obstacles,  and  to  oppose  the 
remains  of  the  velocity  by  a  pierced  breakwater,  beyond  which 
the  water  would  issue  with  so  small  a  current  as  not  to  be  able  to 
cause  any  damage  to  the  bed  and  sides  of  the  canal,  or  to  cause 
any  prejudicial  effect  to  navigation. 

The  breakwater,  involving  an  enlargement  of  the  width  of  the 
channel,  and,  if  a  rock  foundation  be  not  available,  requiring 
artificial  and  carefully  made  foundations  carried  to  some  depth,  is 
necessarily  expensive,  and  is  hence  generally  dispensed  with, 
except  under  favourable  circumstances. 

The  fall  itself  is  generally  a  modification  of  one  of  the  three 
following  types : — 

1.  A  uniform,  or  a  broken  general  incline. 

2.  A  vertical  fall  with  gratings. 

8.  A  vertical  fall  with  a  water-cushion. 
The  most  primitive  mode  of  managing  such  falls  of  water  was 
to  conduct  it  down  an  incline,  made  as  gradual  as  possible,  and 
break  up  the  velocity  by  a  series  of  steps. 
A  long  reach  of  rocky  bed  offers  a  convenient  opportunity  for 
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such  a  coDsiructioiiy  which  could  be  hewn  in  the  solid  rock.  In 
other  cases,  where  it  would  require  building  on  artificial  founda- 
tions, the  expense  would  be  very  great ;  and,  even  if  the  incline 
were  so  made  that  the  resulting  velocity  were  not  high,  the  edges  of 
the  treads  of  the  steps,  even  in  good  stonework,  would  soon  wear, 
and  the  maintenance  of  the  fall  would  also  become  an  important 
item  of  expense.  Apart  from  these  objections  also,  this  type  is 
unsatisfactory.  Although  the  treads  of  the  steps  may  be  set  with 
a  correct  reverse  inclination,  so  as  to  oppose  more  directly  the 
inclined  direction  of  motion  of  the  momentum  of  the  water ;  and, 
although  a  further  improvement  may  be  made  in  giving  a  more 
considerable  reverse  inclination  to  the  treads,  and  by  allowing  a 
large  proportion  of  the  water  to  run  off  laterally  and  wind  down 
the  steps ;  yet  under  all  circumstances  the  inherent  defects  re- 
main ;  the  steps  cannot  accommodate  themselves  to  the  variation 
of  the  quantity  of  water  passing  down  the  fall ;  if  the  steps  are 
small,  they  fail  to  receive  effectively  the  over-falling  water  when  the 
amount  increases,  and  become  then  comparatively  valueless;  if 
the  steps  are  very  large,  the  rise  and  tread  of  each  step  causes  the 
velocity  acquired  from  each  step,  which  it  must  be  remembered 
increases  in  the  ratio  of  the  square  of  the  height  of  the  step,  to 
be  very  much  increased,  and  to  become  very  destructive  to  the 
stonework. 

The  next  improvement  on  the  inclined  type  of  fall  is  the  ogival 
fall  used  on  the  canals  of  Northern  India ;  in  this  the  general  slope 
of  descent  frcm  the  head  to  the  foot  of  the  double  curve  is  from 
one  to  six  to  one  in  nine ;  the  upper  one-third  of  the  slope  being 
the  chord  of  the  upper  or  convex  curve,  which  is  tangential  to  the 
surface  of  the  water  in  the  upper  reach  ;  and  the  lower  two-thirds 
of  the  slope  being  the  chord  of  the  concave  curve,  which  is  tangential 
to  the  convex  curve  above,  and  tangential  to  the  horizontal  line  at  its 
lower  extremity.  The  height  and  length  of  the  fall  applicable  to 
any  special  case  is  determined  by  equating  the  discharge  of  the 
open  channel  above  with  Jihe  discharge  over  a  weir.  The  principle 
which  this  form  of  construction  asserts  is  that  the  water  at  the  foot 
of  the  descent,  being  deprived  of  all  vertical  action  and  delivered 
horizontally,  will  not  cause  any  damage  to  the  bed  of  the  channel 
in  the  lower  reach. 
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In  canals  where  it  is  required  that  the  discharge  should  remain 
perfectly  uniform  and  unaffected  by  its  fall  down  the  weir  or  incline, 
these  ogival  falls  must  necessarily  have  their  sills  raised  above  the 
level  of  the  channel-bed  of  the  upper  reach ;  as  would  also  a  fall  of 
uniform  slope. 

Curves  on  more  carefully  eliminated  principles  have  also  been 
tried  with  the  object  of  effecting  some  improvement,  but  the  advan- 
taj^es  resulting  appear  comparatively  small.  These  curves  generally 
effect  no  doubt  some  saving  of  masonry  in  comparison  with  that  for 
a  single  uniform  slope,  and  probably  deliver  the  water  with  less 
destructive  result  than  the  latter;  they  are,  however,  still  expensive, 
and  the  action  of  the  water  delivered  is  rather  concentrated,  and 
hence  destructive.  An  attempt  at  economy  on  such  falls  has  been 
made  by  narrowing  the  faU,  and  thus  diminishing  the  amount  of 
masonry;  but  the  results,  caused  by  the  increase  of  action  as 
well  as  irregularity  of  effect  of  the  water,  require  greater  expendi- 
ture in  repair;  they  present  also  the  additional  disadvantage, 
that  during  repair  the  whole  fall  instead  of  a  part  has  to  be 
•topped. 

In  the  above  cases  of  inclined  falls  it  is  supposed  that  it  has  been 
found  convenient  to  concentrate  the  fall  in  a  comparatively  short 
length ;  in  other  cases,  where  it  is  spread  over  a  long  reach,  it  is 
usual  to  attempt  to  annihilate  the  velocity  resulting  at  the  foot  of 
the  incline  by  introducing  a  reach  of  canal  having  a  reverse  slope ; 
and  in  cases  where  a  greater  length  still  can  be  allowed  for  the 
incline,  to  break  it  up  into  portions  of  descent,  each  followed  by  a 
portion  with  a  reverse  slope  and  then  a  short  horizontal  length, 
thus  opposing  the  accelerating  effect  in  detail  without  allowing  its 
results  to  aoeumulate.  In  such  work  the  bed  of  the  channel  mast 
necessarily  be  paved ;  if  the  velocity  do  not  exceed  10  feet  or  12 
feet  per  second,  large  rough  convex  boulders,  laid  dry,  form  the 
most  suitable  paving ;  and  even  up  to  15  feet  per  second  the  same 
method  may  be  adopted  if  very  large  boulders  alone  are  used ; 
beyond  that  velocity  the  boulder  work  requires  packing  with  shingle 
and  pebbles,  and  grouting  with  good  hydraulic  mortar. 

While  the  above  arrangements  may  destroy  a  great  deal  of  the 

velocity,  there  is  perhaps  almost  always  a  certain  amount  of  it  still 

remAining  at  the  foot  of  the  incline,  and  should  the  channal  at  this 
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place  happen  to  be  in  soft  soil,  farther  arrangements,  tail- walls, 
brushwood  spurs,  or  piles,  are  also  necessary. 

The  Bari  Doab  Canal  tail- walls  offer  an  example  illustrating  such 
a  case,  the  arrangement  being  generally  as  follows :  At  the  foot  of 
the  incline  the  bed  of  the  channel  is  made  horizontal  for  some 
distance,  and  the  banks  are  then  splayed  outwards  in  a  curved 
form  until  the  top  width  of  the  channel  at  water  level  is  one-half 
wider  than  before :  this,  giving  additional  water  way,  reduces  the 
velocity ;  the  channel  is  then  narrowed  to  nearly  its  normal  width 
by  walls  of  di^  boulders  on  each  side,  which  project  into  the  stream 
at  an  inclination  of  1  to  5,  and  slope  longitudinally  with  a  fall  of 
1  in  20  from  their  commencement,  where  their  height  is  up  to  full 
Bupply-level,  down  to  the  level  of  the  bed :  these  are,  of  course, 
totally  submerged  at  full  supply,  and  produce  the  effect  of  con- 
centrating and  directing  the  current  to  the  middle  of  the  channel. 
The  objections  raised  to  these  tail-walls  as  employed  on  the  Bari 
Doab  Canal,  is  that  they  do  not  appear  to  answer  their  pui-poses 
sufficiently  completely,  and  it  is  supposed  that  by  giving  the  whole 
arrangement,  both  the  enlargement  and  the  reduction  of  section,  a 
greater  length,  it  would  fully  answer  all  purposes ;  this,  however, 
would  add  greatly  to  the  expense. 

Vertical  falls  with  gratings. — This  is,  perhaps,  the  most 
economic  and  convenient  mode  of  dealing  with  a  canal-fall.  The 
sill  of  the  fall  is  not  raised  above  the  bed  of  the  upper  channel 
and  the  whole  section  of  passage  is  hence  unimpeded  by  reduc- 
tion ;  the  grating,  which  may  be  placed  at  any  slope  from  1  in  8 
to  1  in  10,  presents  a  large  perforated  surface  to  the  action  of 
the  water,  thus  keeping  the  upper  water  up  to  its  proper  level, 
and  distributing  the  effect  of  the  falling  water  passing  through 
it  on  a  long  portion  of  the  bed,  diminishes  the  action  to  such  an 
extent  as  to  render  it  harmless.  The  gratings  are  supported  on 
cross  bearers,  which  again  rest  on  masonry  piers  or  iron  stanchions, 
erected  at  about  10  feet  intervals  along  the  edge  of  the  fall  or 
weir.  The  higher  a  fall  of  this  description  is,  the  more  truly  the 
water  falls  and  the  more  manageable  it  is.  These  gratings  require 
clearing  occasionally,  and  hence  necessitate  the  attendance  of  a 
man ;  but  as  frequently  there  is  a  lockman  to  attend  to  the  neigh- 
bouring lock,  for  the  navigation  passage  neat  t\i<^  1^^  *Oci^x^\^ 
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no  additional  expense  incurred  on  ibis  account,  as  one  man  can 
attend  to  both.  This  type  of  £eJ1  admits  of  comparatirely  little 
yariatibn  in  design. 

Vertical  falls  with  water-cushions. — This  is  the  form  generally 
adopted  by  nature  in  discharging  water  down  a  fall ;  the  action  of 
the  water  scours  for  itself  a  basin,  which  fills  and  foims  a  natural 
water-cushion,  the  scour  continuing  until  an  equilibrium  is  estab- 
lished between  the  force  of  the  descending  water  and  the  resist- 
ance offered  by  the  depth  of  water  in  the  basin.  The  fall  itself 
has  a  tendency  to  approximate  to  the  vertical,  the  force  of  wind 
and  spray  from  the  falling  water  making  it  slightly  overhanging, 
and  in  some  cases  even  causing  a  retrogression  of  fall,  and  coin- 
cidently  also  a  retrogression  of  water-cushion,  thus  giving  it  an 
elongated  form ;  the  scoured  silt,  or  debris,  is  deposited  in  the  bed 
of  the  stream  lower  down. 

The  most  natural  mode  of  designing  a  vertical  fall  with  water- 
cushion  for  a  canal  would  perhaps  depend  on  a  consideration  of 
what  sort  of  fall  nature  would  make  for  herself  under  the  special 
circumstances  and  conditions  of  the  case,  and  what  improvements 
or  modifications  of  that  would  be  necessary.  The  objections  to 
allowing  nature  to  make  her  own  fall  and  water- cushion  are 
these  : — first,  it  requires  time,  and  this,  in  some,  though  not  in 
all  cases,  is  an  objection  in  itself ;  second,  any  want  of  homo- 
geneity of  the  soil  or  rock  would  result  in  an  irregular  form  of 
basin,  which  might  become  almost  unmanageable;  third,  the 
scour  and  silt  deposited  in  the  channel  below  would  be  a  serious 
injury  to  it ;  fourthly,  the  retrogression  of  the  fall  might  even- 
tually undermine  the  weir  or  dam,  and  cause  its  entire  destruction. 
But  this  latter  objection  might  be  very  easily  counteracted  by  pro- 
tective measures. 

In  cases,  then,  where  these  four  objections  can  be  removed 
or  are  unimportant  in  result,  there  is  no  reason  why  a  natural 
or  a  slightly  modified  natural  fall  should  not  be  adopted.  When 
the  soil  is  firm  or  of  homogeneous  rock,  a  great  deal  of  the 
objection  disappears^  a  certain  amount  of  excavation  and  trim- 
ming can  then  be  so  made  as  to  aid  in  the  natural  action,  and 
lateral  encroachment  may  be  easily  provided  against ;  a  tolerably 
regular  basin  can  then  be  economically  made. 


V 


213 

As  to  the  form  of  basin  best  suited  for  a  water-cushion,  the 
breadth  in  plan  should  be  rather  wider  than  the  extreme  breadth 
of  the  falling  water,  as  the  wind  may  bear  the  latter  considerably 
to  one  side ;  the  length,  again,  will  probably  vary  from  1^  to  5 
times  the  breadth,  although  it  would  hardly  be  advisable  to  make 
it  quite  rectangular  in  form,  as  the  comers  would  be  filled  with 
useless  water  ;  the  pear  shape,  therefore,  is  perhaps  the  best,  and 
is  certainly  that  most  generally  met  with  under  natural  conditions 
of  homogeneity  of  soil.  There  would  probably  be  no  advantage, 
even  if  it  were  economic,  to  make  the  basin"  very  long ;  the  full 
or  extreme  depth  may  be  terminated  by  a  reverse  slope  at  once, 
the  deflected  velocity  thus  obtained  producing  a  greater  degree  of 
stillness  than  the  passive  efiect  of  a  longer  continued  full  depth. 

The  main  point,  however,  is  to  determine  what  depth  of  water 
is  necessary  in  a  water-cushion.  The  velocity  of  delivery  is  evi- 
dently dependent  on  the  depth  on  the  weir  sill  or  fall  above,  and 
the  height  of  fall  down  to  the  surface  water  in  the  basin :  the 
resistance  is  the  depth  of  water  in  the  basin,  and  the  quality  of 
the  material  of  which  its  bottom  is  composed.  If,  then,  the  depth 
be  calculated  by  equating  the  forces  for  a  depth  producing  equili- 
brium just  clear  of  the  bottom,  we  obtain  an  expression,  involving 
also  an  assumption  that  the  bottom  is  perfectly  indestructible. 
It  seems,  therefore,  impossible  at  present  to  determine  absolutely 
the  actual  depth  necessary ;  and  hence  the  practice  is  to  assume 
an  approximate  calculated  depth,  and  see  how  this  answers  its 
purpose,  altering  or  adding  afterwards  until  it  appears  to  be 
satisfactory. 

The  formula  generally  used  for  this  purpose  on  the  canals  of 
Northern  India  is — 


d  s=  the  depth  of  water  in  the  basin ; 
h^  =  the  total  height  of  fall,  including  h^  ; 
Aj  =  the  depth  or  head  on  the  weir  sill. 

This  is  probably  very  limited  in  its  range  of  application ;  for,  in 
applying  it  to  the  well-known  case  of  the  projected  Masur  reservoir 
dam,  designed  by  the  engineers  of  the  Madras  Irrigation  Com- 
pany, it  yields  results  very  small  in  comparison  to  that  allowed  by 
the  engineers :  thus,  for  values  of  \  =  4^*5  wi3L\i^  —  ^^^«^^*^^ 
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calculated  value  of  d^  suitable  to  a  brick  bottom,  is  about  18  feet, 
while  the  engineers  have  allowed  for  a  hard  rock  bottom  a  depth 
of  water-cushion  of  83  feet  in  this  instance. 

In  a  second  instance  of  the  same  case,  the  formula  gives  for 
values  of  h^  =  16-81,  h^  =  8*56,  d  =  12*54,  which  is  very  much 
less  than  that  allowed,  16*19  feet,  also  in  hard  rock. 

Major  Mullins,  the  Consulting  Engineer  to  the  Madras  Irriga- 
tion Company,  when  commenting  on  these  cases  in  the  Proceed- 
ings of  the  P.  W.  D.,  for  April,  1868,  refers  also  to  a  well-known 
natural  fall  as  an  illustration  of  the  insufficiency  of  the  above 
formula.  The  Rajah  Fall  at  Gairsappa,  with  values  of  h^  =  8*29 
and  h^  s=  15  feet,  would,  according  to  that  formula,  require  a  depth 
of  water-cushion  of  only  108  feet  for  brickwork,  or  72  for  stone, 
a  depth  nearly  a  half  less  than  the  actual  depth,  180  feet. 

In  a  smaller  natural  case,  in  hills  in  Berar,  coming  under  the 
observation  of  the  author,  for  values  h^  =  26  and  /r^  =  1,  the 
depth,  according  to  the  above  formulaB,  would  be  for  a  brickwork 
bottom  7*65  feet,  and  for  stone  5*6  feet ;  whereas,  in  the  soundest 
of  basalt,  the  actual  depth  was  as  much  as  8  feet,  or  more  than 
a  quarter  more  than  that  calculated. 

It  would,  therefore,  appear  that  the  above  formula,  apart  from 
its  varied  coefficients  for  brickwork  and  stone,  is  generally  defec- 
tive, and  that,  until  a  very  much  wider  range  of  experiments  and 
observations  is  made,  it  would  be  more  advisable  to  approximate 
to  such  depths  as  are  obtained  under  natural  conditions,  than  to 
follow  any  formula  for  determining  the  depth  of  a  basin  serving 
as  a  water-cushion. 

In  practice  it  would  rarely  be  necessary  to  construct  a  water- 
cushion  of  very  great  depth,  the  fall,  if  over  a  weir,  being  gene- 
rally easily  broken  into  three  or  four  portions,  and  it  being  advan- 
tageous to  do  so,  as  the  catch  channels  are  convenient  for  affording 
a  supply  at  various  levels;  probably,  therefore,  the  above-men- 
tioned case  of  48*5  feet  of  artificial  fall  may  be  considered  as 
the  extreme  for  which  a  water-cushion  would  be  required.  In 
the  future,  too,  the  waste  of  such  a  large  amount  of  useful  motive 
power  will  be  deemed  a  barbarism,  an  additional  reason  that  there 
is  not  much  probability  of  the  above  case  being  exceeded. 
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9— THE  USUAL  THICKNESS   OF  WATER-PIPES. 

The  thickness  of  a  water-pipe  is  a  matter  depending  on  prac- 
tical considerations,  being  comparatively  little  affected  by  the 
theoretical  determination  of  what  it  should  be  in  order  to  resist 
the  pressure  brought  on  it ;  and  is,  like  a  very  large  number  of 
the  so-called  calculations  of  the  engineer,  made  almost  entirely 
dependent  on  prescribed  custom.  The  following  notes  on  the 
formulsB  in  vogue  are,  hence,  not  given  so  much  with  the  object 
of  elucidating  the  principles  as  that  the  formulae  themselves,  value- 
less as  they  seem,  should  be  available  for  reference. 

The  largest  scale  on  which  a  water-pipe  to  resist  extreme  internal 
pressure  is  made  is  that  of  the  cylinders  of  hydraulic  presses :  in 
these  the  extreme  working  pressure  is  limited  to  4  tons  per  square 
inch,  the  extreme  permanent  strain  allowed  in  actual  working 
being  only  one  half  of  that ;  and  the  thickness  of  the  cylinder  or 
pipe  is  determined  by  the  formula  of  Barlow — 

r   P 
^        C-P' 

where  t  and  r  are  the  thickness  and  internal  radius  of  the  cylinder 
or  pipe, 

C  is  the  cohesive  strength  of  the  material,  and 
P  is  the  internal  pressure,  both  being  in  tons : 
the  general  principle  asserted  in  this  mode  of  calculation  being 
that  the  strain  on  the  material  is  greatest  at  the  internal  surface, 
and  less  beyond,  the  extension  varying  with  the  square  of  the 
distance  from  the  centre. 

An  example  of  the  application  of  this  formula,  to  a  10-inch 
cast-iron  water-pipe,  is  given  in  Box's  "Hydraulics,"  the  results  of 
which  are  as  follows : — 

Assuming  the  cohesive  strength  of  cast  iron  to  be  7  tons  per 
square  inch  breaking  weight ;  the  extension  E,  on  the  inside  ring 
at  the  moment  of  rupture,  for  a  length  =  1, 

E  =  -000  165  W  -t-  -000  010  8  W*  X  L  =  -001  669  7  ; 

and  the  extension  at  any  distance  from  the  centre  is  in  the  ratio 
of  the  square  of  thai  distance  to  that  of  the  inside  rui%. 
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The  strain,  at  any  distance  from  the  centre,  is  then  obtained 
from  the  extension  .by  the  formula — 

E 


^=v/(l 


6416)-  8-01 


•000  010  3  X  L 

and  the  mean  strain  on  each  theoretical  concentric  ring  of  metal 
is  the  average  between  that  al  its  external  and  its  internal  circum- 
ference ;  the  bursting  pressure  has  then  the  same  ratio  to  the 
mean  strain  as  the  thickness  of  the  pipe  has  to  its  radius ;  and 
tabulating  these  for  a  10-inch  cast-iron  pipe,  they  are  : — 


Thickness  of 
Metal. 

Strain  on  tlie  Metal. 

Bursting 
Pressure. 

Max. 

Min. 

Mean. 

r 

7.0 

6-26 

6-130 

1-226 

2 

7-0 

409 

5-402 

2161 

3 

7-0 

3-26 

4-827 

2  696 

4 

7-0 

2-65 

4-359 

3-485 

5 

70 

2-20 

3  972 

3-972 

6 

7-0 

1-85 

3-647 

4-337 

7 

7-0 

1-60 

3-373 

4-722 

8 

7-0 

1-37 

3137 

5-019 

9 

70 

1-19 

2-931 

5-275 

10 

7-0 

105 

2-749 

5-499 

The  practical  empirical  rule,  however,  that  is  given  by  Box  for 
the  thicknesses  of  water-pipes  is — 


t 


=(^w  *»■")  +  i^)' 


where  H  is  the  head  of  pressure,  and  d  is  the  diameter  of  the  pipe, 
and  it  is  according  to  this,  that  his  table  given  in  the  Appendix  of 
Miscellaneous  Tables  is  calculated. 

The  theoretical  mode  of  arriving  at  the  thickness  of  a  water- 
pipe  is,  therefore,  about  the  most  unsatisfactory  of  processes; 
and  it  would  probably  be  useless  to  enlarge  on  the  topic.  In 
actual  practice,  the  dimensions  of  cast-iron  water-pipes  are  about 
those  given  in  Box's  table ;  or  have  a  thickness  of  one-fifth  the 
square  root  of  the  diameter,  and  a  little  more  to  allow  for  defects 
in  casting,  and  inexactitude  of  bore.  The  dimensions  of  the 
details  of  the  sockets  are  also  given  in  the  second  part  of  Box's 
table,  and  are  very  convenient  for  reference. 
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Flanged  pipes  being  now  so  rarely  used,  excepting  for  temporary 
purposes,  the  details  of  their  usual  dimensions  and  weights,  given 
by  Box,  are  omitted  in  the  table  given. 

While  in  the  case  of  cast-iron  pipes  of  all  sorts,  there  has 
always  been  a  tendency  to  theorise,  and  to  base  a  thickness  on  the 
laws  of  pressure,  and  extension  of  material ;  in  stoneware  pipes, 
this  has  been  almost  entirely  disregarded,  and  a  thickness  is 
generally  given  them  that  is  established  entirely  on  practice  or 
usual  custom,  and  often  varies  according  to  the  caprice  of  the 
potter  or  manufacturer.  This  is  generally  accounted  for  by 
saying  that  earthenware  or  stoneware  is  a  very  variable  material 
as  regards  strength,  while  cast  iron  is  homogeneous,  and  is 
very  much  alike  in  substance:  a  little  reflection,  however,  will 
show  that  this  is  hardly  a  sufficient  reason.  Carefully  made 
stoneware,  after  a  very  careful  selection,  may  be,  and  often  is, 
exceedingly  equable,  while  the  variety  of  qualities  of  cast  iron, 
— more  especially  since  its  high  price  has  brought  such  a  large 
amount  of  very  inferior  material  into  use, — is  now  very  marked ; 
some  cast  iron  being  known  occasionally  to  fall  to  pieces  from  its 
own  weight.  In  spite  of  this,  the  manufacturers  of  stoneware 
pipes  still  consider  them  as  unsuited  to  the  discharge  of  water 
under  pressure,  or  for  drainage  in  cases  where  1;he  outlet  is 
liable  to  be  stopped  :  and  although  they  can  make  pipes  that  will 
easily  bear  a  head  of  40  feet,  yet  do  not  recommend  them, 
alleging  that  the  joints  cannot  be  made  to  stand  any  pressure 
at  all.  There  is,  however,  no  reason  to  doubt  that  under  skilled 
superintendence  and  management,  stoneware  and  fire-clay  pipes, 
as  well  as  their  joints,  may  be  well  enough  made  to  serve  most 
efficiently  for  the  distribution  and  drainage  of  water  under  low 
heads,  and  that  a  considerable  saving  of  expense  may  be  efiected 
by  dispensing  with  iron  in  such  cases. 


lO.-^-INDIAN   HYDEAULIC   CONTRIVANCES. 

In  India  a  large  variety  of  mechanical  contrivances  of  a  very 
simple  nature  are  conunonly  used  for  raising  water  from  rivers  or 
wells  or  out  of  foundations  of  bridges,  that  are  g<fivie;tdl&:^  wsJ^esi^'^ircv 
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to  the  English  engineer.  His  natural  tendency  would  be  to  nse 
the  appliances  best  known  to  him,  such  as  a  windlass  and  bncket, 
a  common  pump,  a-  lift  and  force-pump,  or  a  winding-up  chain 
carrying  iron  vessels ;  of  these  the  last  only  is  very  well  known  in 
India  in  a  more  simple  form,  as  a  chain  of  pots  or  leather  bags. 
Pumps  are  purely  European  in  origin,  even  a  windlass  is  a  com- 
parative rarity ;  and  since  such  things  are  not  always  available  it 
often  becomes  necessary  for  him  to  adopt  the  native  means  of 
raising  water  and  to  learn  what  duty  may  be  expected  from  them. 
To  aid  him,  or  rather  to  save  him  needless  trouble  in  measuring 
and  calculating  the  duty,  the  table  given  in  the  Appendix  to  the 
Working  Tables,  based  upon  data  originally  furnished  by  M.  La- 
mairesse,  of  Pondicherry,  for  Southern  India,  and  in  the  Boorkee 
professional  papers  for  Northern  India,  and  in  conjunction  with 
others  by  the  author,  but  modified  and  put  in  a  form  intelligible 
to  the  English  civil  engineer,  may  be  found  useful.  It  merely 
becomes  necessary  to  give  the  meaning  of  a  few  of  the  Indian 
names  of  the  contrivances,  and  state  the  mode  in  which  they 
are  used. 

Baling  is  one  of  the  most  primitive  methods  of  raising  water, 
but  the  English  mode  of  filling  and  emptying  a  vessel  or  a  bucket 
is  not  in  vogue  among  the  natives  of  India.  A  large  flat  dish  of 
wood  bark  rendered  water-tight,  or  leather  stifiened  by  a  frame, 
has  two  long  cords  attached  to  it  at  opposite  sides,  the  other  two 
ends  of  the  cords  being  held  by  two  men,  who  generally  prefer 
sitting  down  to  their  work,  and  together  allow  the  dish  to  dip  in 
the  water,  nearly  fill  itself,  and  then  raise  it,  send  it  forward  with  a 
swing  and  let  it  empty  itself  above ;  this  can  be  done  with  a  rapid 
and  continuous  swinging  motion  that  is  sometimes  quite  sur- 
prising. This  method  is  of  course  only  applicable  under  certain 
conditions,  such  as  clearing  foundations  of  water,  and  such  cases 
as  allow  of  sufficient  room  for  the  swinging;  the  lift  is  seldom 
more  than  5  ft.  though  sometimes  7  ft. ;  but  a  series  of  such  lifts 
can  be  easily  adopted. 

The  beam  and  bucket,  or  balance-pole,  in  its  various  modifi- 
cations, is  also  a  favourite  contrivance  for  raising  water  from  wells 
by  hand  labour ;  the  lever,  at  one  end  of  which  is  hung  the  water 
vessel,  generally  a  large  earthenware  pot,  is  counter- weighted  at 
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the  other  end  so  as  jast  to  allow  the  force  of  one  man  to  raise  the 
Tossel  when  fall.  The  lever  is  often  a  beam  naturally  yery  thick 
at  one  end,  and  requiring  only  to  be  carefully  hung  or  supported  at 
the  most  convenient  point  for  a  fulcrum.  In  Southern  Jndia  this 
principle  reaches  its  fullest  development  in  the  picotah  ;  where  a 
very  large  long  tree,  or  a  very  large  pair  of  trees  bound  together, 
becomes  the  balance-pole,  to  work  which  a  man  walks  and  runs 
backwards  and  forwards  along  the  heavier  arm  of  the  lever, 
stepping  off,  when  necessary,  on  to  a  raised  stage ;  for  this  work 
special  men,  thoroughly  accustomed  to  it,  are  absolutely  necessary; 
one  managing  the  vessel,  the  other  the  balancing.  The  size  of 
these  picotahs  is  sometimes  extremely  large,  and  the  lift  conse- 
quently very  high. 

The  dal  or  jantu  is  a  contrivance  for  raising  water  from  8  ft.  to 
6  ft.  high  by  means  of  a  wooden  gutter  moving  on  a  pivot,  being 
a  lever,  or  a  double  lever  of  the  second  order.  There  are  several 
forms  of  this  contrivance  ;  in  the  simplest,  one  end  of  the  single 
gutter  is  raised  by  a  man  with  a  cord  or  lever  and  cord,  until  the 
water  runs  out  of  the  other  end  of  the  gutter  into  a  trench;  in  the 
double  gutter  there  is  a  wooden  partition  in  the  gutter  immediately 
above  the  pivot,  and  the  water  runs  out  through  holes  on  each 
side  of  it  in  the  bottom  of  the  gutter  into  the  trench ;  sometimes 
these  are  worked  by  cords,  and  sometimes  by  means  of  the  weight 
of  a  man  and  a  counterpoise  at  the  end  of  a  long  lever  attached. 

The  mot  is  an  arrangement  worked  by  oxen ;  it  generally 
consists  in  a  water  vessel  made  of  a  complete  ox-hide  bound  on 
to  a  wooden  ring  for  an  opening,  raised  and  lowered  by  a  cord 
running  over  a  pulley,  and  fixed  immediately  above  or  projecting  over 
the  well ;  the  bullocks  going  down  an  inclined  plane  made  for  the 
purpose,  when  dragging  up  the  water  vessel  or  mot,  which  has  to 
be  dragged  to  one  side  on  arrival  above  the  mouth  of  the  well  and 
emptied  by  a  man.  In  Southern  India  there  is  an  improvement 
on  this  which  dispenses  with  the  man  for  emptying ;  the  lower  end 
of  the  mot  tapers  out  to  a  considerable  length,  and  has  a  smaller 
cord  attached  to  it,  which  by  means  of  a  suitably  adjusted  catch 
causes  the  mot  to  empty  itself  on  arriving  at  the  proper  height. 

The  contrivance  generally  called  by  Anglo-Indians  a  Persian 
wheel,  but  more  properly  a  chain  of  ^^l^^  \!&  iilx£^<c^vX»\^«ii&<^'^^ 
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that  used  in  Egypt,  Nubia,  Syria,  Abyssinia,  known  there  as  the 
sakia ;  its  advantage  is  that  it  will  raise  water  from  any  depth  by 
means  of  sufficient  animal  power.  In  India  it  is  generally  very 
much  of  the  following  description.  Two  parallel  endless  ropes, 
united  to  each  other  by  rungs  of  wood  or  of  rope,  pass  over  a  ver- 
tical wheel  and  hang  down  to  below  the  water  surface  in  the  well ; 
earthen  or  leathern  vessels  are  attached  to  the  rungs,  which  dis- 
charge themselves  into  a  trough  through  the  vertical  wheel,  which 
is  a  double  frame-work.  Motion  is  communicated  to  the  axle  of 
this  vertical  wheel  from  a  vertical  shaft  of  wood  that  is  turned  by 
a  pair  of  bullocks,  by  means  of  two  wooden  wheels  working  into 
each  other.  The  upper  end  of  the  vertical  shaft  is  kept  in  position 
by  a  very  heavy  beam  or  tree  which  rests  also  on  two  supports, 
generally  mud  walls,  beyond  the  sweep  of  .the  circle  in  which  the 
oxen  walk.  The  principle  of  this  rather  rude  but  eflfective  contri- 
vance was  doubtless  the  basis  of  the  double  iron  chains  of  pots, 
with  brass  buckets  holding  about  a  gallon  each,  that  were  used  by 
the  Bomans,  and  hence  also  the  remote  ancestor  of  our  modem 
chains  of  pots  having  chains  of  jointed  iron  bars,  skeleton  six- 
spoked  or  hexagonal  wheels,  and  buckets  or  iron  casks  of  the  most 
improved  form ;  or  again,  somewhat  like  those  used  and  worked 
by  steam  power  on  the  Metropolitan  District  Railway  to  clear  the 
line  of  water. 

The  true  Persian  wheel,  with  which  the  chain  of  pots  is  some- 
times confounded,  is  a  wheel  with  a  hollow  tyre,  and  is  an  inferior 
contrivance,  suitable  only  to  small  lifts. 

Referring  to  the  table  given,  the  details  of  which  have  been 
reduced  and  modified  in  order-  to  show  as  much  as  possible  what 
comparison  may  be  drawn  in  favour  of  each  machine,  it  will  be 
noticed  that  the  full  amount  of  work  done  and  power  exerted  is,  in 
the  first  place,  given  for  all  cases,  under  a  theoretical  condition  that 
never  occurs  in  practice.  In  each  and  all  of  these  machines,  a  certain 
amount  of  work  is  wasted  by  leakage,  spilling,  faulty  construction, 
or  inexactness  of  form,  delay  for  small  repairs,  and  many  other 
such  causes.  To  obtain  anything  near  the  truth,  therefore,  a 
coefficient  of  reduction  that  is  purely  empirical  must  be  applied. 
Some  of  these  coefficients  are  given  in  the  Roorkee  professional 
papers,  others  are  obtained  from  other  sources ;  they  may  for  our 
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purposes  in  dealing  with  such  rough  machines  be  applied  equally  to 
the  work  done  and  the  effective  power  exerted  ;  but  as  the  latter  is 
the  principal  object  under  consideration,  the  amounts  under  that 
head  only  are  reduced.  The  final  quantities,  therefore,  are  more 
practically  useful. 

The  results  may  not  at  first  sight  appear  to  admit  of  much 
comparison  being  made  ;  certain  things  are,  however,  plainly  in- 
dicated by  them,  the  most  marked  one  being  that  all  such  rough 
hydraulic  contrivances  used  in  small  lifts  involve  a  great  waste  of 
power  as  well  as  of  water,  much  intermediate  time  being  lost 
between  the  lifts,  and  that  the  machine  itself,  when  on  a  large 
scale,  being  more  properly  made  and  more  carefully  worked  is 
far  more  effective.  This  is  shown  most  on  comparing  the  effective 
results  of  the  North  Indian  beam  and  bucket  (12)  with  the 
Southern  Indian  picotahs  (1, 2,  3) ;  in  the  mots,  on  the  other  hand, 
the  advantage  is  on  the  side  of  the  North  Indian,  probably  from 
his  using  an  additional  man,  although  it  is  probably  obtained  at 
too  great  an  expense.  The  chain  of  pots  more  exclusively  used 
in  Northern  India  appears  to  be,  under  theoretical  conditions,  the 
most  effective  of  all  these  contrivances.  The  data  given  are, 
from  the  very  variable  nature  of  such  things,  too  rough  to  allow 
of  any  comparison  being  drawn  between  such  contrivances  and  the 
more  civilized  arrangements ;  but  they  may,  however,  be  of  use 
to  those  unacquainted  with  Indian  contrivances  when  first  called 
on  to  deal  with  them. 
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TABLE  II.— Part  I. 


Total  quantities  of  water  equivalent  to  a  given  rainfall. 


I 

.a 


<jnbic  feet 
per  acre. 


Cabic  feet 

per 
square  mile. 


BainfiJl 
in  feet. 


Cabic  feet 
per  acre. 


Cnbic  feet 

per 

aquare  mile. 


I- 

43  660 

•9 

89  204 

•8 

84  848 

•7 

30  492 

•6 

26  136 

•5 

21  780 

•4 

17  424 

•8 

13  068 

•2 

8  712 

•1 

4  856 

09 

3  920 

08 

3  485 

07 

3  049 

06 

2  614 

05 

2  178 

•04 

1  742 

•03 

1  307 

•02 

871 

"01 

436 

27  870  400 

25  090  560 

22  302  720 

19  514  880 

16  727  040 

13  939  200 

11  151  360 

8  863  520 

5  575  680 

2  787  840 


2  509  056 

2  230  272 

1  951  488 

1  672  704 

1  393  920 

1  115  136 

836  352 

557  568 

278  784 


(12"; 

)  1- 

(11"] 

1  -917 

(10": 

1  -833 

(9"; 

)  -750 

(8"; 

)  -666 

(r 

)  -583 

(6": 

>  -5 

(6"; 

)  -417 

(4"; 

)  -333 

(3"; 

)  -260 

(2"; 

)  -166 

(1": 

)     -083 

4S  560 
89  900 
86  300 
32  670 
29  040 
25  410 
21  780 
18  150 
14  520 
10  890 
7  260 
3  630 


27  878  400 

25  555  200 

23  232  000 

20  908  800 

18  505  600 

16  262  400 

13  939  200 

11  616  000 

9  252  800 

6  969  600 

4  646  400 

2  323  200 


For  decimals  of  an  inch  of  rainfall 
remove  the  point  in  the  corresponding 
quantities. 


N.B. — One  square  mile  =  640  acres  =  27,878,400  square  feet. 
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TABLE  IL— Paet  2. 

Discharges  in  cubic  feet  per  second  throughout  the  year,  equivalent  to 
a  given  annual  rainfall  over  one  square  mile  of  catchment  area. 


Annaal 

rainfall  in 

feet 


•4 


•6 

•7 

•8 

•9 

1-0 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

17 

1-8 

1-9 

2-0 


% 

DiachaiigeB  in 

cnbic  feet  per 

second. 

Annual 

rainfall  in 

feet. 

••0883 

21 

•1766 

2-2 

•2650 

2-3 

•3533 

2-4 

•4417 

2-5 

•5300 

26 

•6183 

27 

•7066 

2-8 

•7950 

2^9 

•8833 

30 

•9717 

3-1 

1^0600 

3-2 

1-1483 

33 

1-2366 

3-4 

1-3250 

35 

1-4133 

3-6 

1-5017 

3-7 

1-5900 

3-8 

1-6783 

3-9 

1-7666 

4^0 

Discharges  in 

cnbic  feet  per 

second. 

Annnal 

rainfall  in 

feet. 

1-8550 

41 

1-9433 

4-2 

20317 

4-3 

21200 

4-4 

2  2083 

4-5 

2-2966 

4-6 

2-3850 

4-7 

2-4733 

4-8 

2-5617 

4-9 

2-6500 

6-0 

2-7383 

66 

2-8266 

6- 

2-9150 

6-6 

30033 

7- 

3-0917 

7-6 

31800 

8- 

3-2683 

8-5 

3-3566 

9- 

3-4450 

9-5 

3-5333 

10- 

Discharges  in 

cnbic  feet  per 

second. 


3-6217 
3-7100 
37983 
3-8866 
3-9750 
40633 
4-1517 
42400 
4-3283 
4*4166 
4-8583 
5-3000 
57417 
6^1833 
6-6250 
7-0666 
7-5083 
7-9500 
8-3917 
8-8333 


\ 
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TABLE  II.— Part  3. 

Discharges  in  cubic  feet  per  second,  equivalent  to  a  given  daily  rainfjeJl 

(24  hours)  over  catchment  areas. 


a 

7 


I 


For  a  daily  rainfall  in  feet  and  decimals  of 


•09 


•08 


•07 


•06 


•05 


•04 


•03 


•02 


•01 


Cubic  feet  per  second. 

1 

82-26 

29-03 

25-81 

22-58 

19-34 

16-13 

12-90 

9-67 

6-45 

3-23 

2 

64-62 

58-07 

51-62 

4516 

38-72 

82-26 

25-81 

19-36 

12-90 

6-45 

3 

92-80 

83-52 

74-24 

64-96 

55-68 

48-40 

3712 

27-84 

18-56 

9-28 

4 

1290 

116-1 

103-2 

90-30 

76-40 

64-50 

51-60 

88-70 

25-80 

12-90 

5 

161-3 

145-2 

129-0 

112-9 

96-80 

80-64 

64-50 

48-40 

32-25 

1613 

6 

198-5 

174-2 

154-8 

135-4 

1161 

96-78 

77-40 

58-06 

38-70 

19-35 

7 

225-8 

203-2 

180-6 

158-0 

135-5 

112-9 

90-30 

67-73 

45-15 

22-68 

8 

2580 

232-2 

206-4 

180-6 

154-8 

1290 

103-2 

77-40 

51-60 

25-80 

9 

290-4 

261-4 

282-3 

208-8 

174-3 

145-2 

116-2 

87-13 

68-10 

29-04 

10 

322-6 

290-8 

258-8 

225-8 

193-5 

161-3 

129-2 

96-77 

64-60 

^2-26 

For  a  daily  rainfall  in  feet  and  decimals  of 

•0833  -076  -0666  -0583   -05   -0417  -033  -025  -016  -0083 

or  its  equivalent  in  inches  and  decimals  of 


I 


1-0 


•8 


-4 


2 
3 

4 


8 


/ 


10 


/ 


26-89 
53-78 
80-67 
107-5 
134-4 
lGl-3 
188-2 
2151 
2420 
268-9 


Cable  feet  per  second. 

24-20    21-51    18-82    1613    13-44 


48-40 
54-60 
96-75 
120-9 
1461 
169-3 
193-6 
217-8 


242-0 


43-00 
64-53 
86-00 
107-5 
135-0 
150-5 
172-1 
193-6 


37-64    32-26 


56-47 
75-25 
94-08 
112-9 
131-7 
150-5 


169-4 


215-1     187-4 


26-89 


48-40    40-33 


64-50    53-78 


80-64    67-22 


.96-78    80-67 
1120      9411 
129-0    107-5 
145-2    1210 


161-3 


134-4 


10-75    8-071   5-38 


21-50 
32-26 


43-00 


53-75 
67-55 
75-25 
86-05 
96-80 


107-5 


1613 
24-20 
32-25 
40-32 
48-39 
56-45 
64-50 
72-60 


8065 


10-75 
16-13 
21-50 
26-87 
33-77 
37-62 
43-02 
48-40 
53-75 


2-69 
5-38 
807 
10-75 
1314 
16-13 
18-82 
21-51 
24-20 


26-89 


TABLE  III,— Part  1. 


Guide  for  capacity  of  reservoirs  and  supply  from  gathering 

grounds. 


Supply  reqiure<1, 
duriDg  240  days 
or  eight  monthfl. 

ContoDts  of 

reservoir  to  hold 

that  supply. 

Sorfaoe  of  that 

reserroir  if  8 

feet  deep  on  the 

average. 

Catchment  area  necessary 
to  fill  tiiat    reservoir  in 
four  months,  having  one 
foot  available  rainfikU  in 
that  time. 

Cab.  ft.  per 
second. 

Cable  feet. 

Square  feet. 

Sqaare  miles. 

1 

20  736  000 

6  912  000 

•7438 

2 

41 472  000 

13  824  000 

1-4876 

3 

62  208  000 

20  736  000   . 

2-2314 

4 

82  944  000 

27  648  000 

2-9752 

5 

103  680  000 

34  560  000 

3-7190 

6 

124  416  000 

41  472  000 

4-4628 

7 

145  152  000 

48  384  000 

5-2066 

8 

165  888  000 

55  296  000 

5-9504 

9 

186  624  000 

62  208  000 

6-6942 

10 

207  360  000 

69 120  000 

7-4380 

1*3444 

27  878  400 

• 

9  292  800 

1 

2-6888 

55  756  «00 

18  585  600 

2 

4-0333 

83  635  200 

27  878  400 

3 

5-3777 

111  513  600 

37 171  200 

4 

6-7222 

139  392  000 

46  464  000 

5 

8-0666 

167  270  400 

55  756  800 

6 

9-4100 

195  148  800 

65  049  600 

7 

10-7655 

223  027  200 

74  342  000 

8 

12-0999 

250  905  600 

83  635  200 

9 

13-4444 

278  784  000 

92  928  000 

10 

N,B, — ^Tho  next  page  will  contain  two  examples  for  this  table* 
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Example  L 

A  discliarge  of  18  234  cnbic  feet  per  second  is  wanted  during  eight 
months  of  the  year  from  a  reservoir  which  is  to  be  supplied  by  a 
(satchment  area  yielding  an  available  rainfall  of  1'32  feet  during  the 
remaining  four  months ;  required  the  contents  of  the  reservoir,  and 
the  size  of  the  catchment  area- 
Obtain  from  the  Table  the  quantities  due  to  1  foot  of  rainfall. 


jr,  cubic  feet 

Contents  of  reservoir, 

Catchment  area, 

r  second. 

cubic  feet. 

square  miles. 

10 

207  360  000 

7^4380 

8 

165  888  000 

5-9504 

•2 

4 147  200 

•1487 

•03 

622  080 

•0223 

•004 

82  944 

•0029 

18-234  378 100  224  35623 

Catchment  area  for  132  feet  of  fall  =  ■  ^^^^^^  =  10274  sq.  miles. 

1-32 


Example  II. 

A  catchment  area  of  21*963  square  miles,  having  an  available 
rainfall  of  1*32  feet  in  four  months  of  rainy  season,  supplies  a  reservoir 
which  is  to  hold  water  for  eight  months*  supply ;  what  should  be  the 
full  contents  of  the  reservoir,  and  the  supply  in  cubic  feet  per  second 
during  the  eight  months  ? 

The  proportionate  catchment  area  for  an  available  rainfall  of  one 
foot  will  =  21-963  X  1-32  =  29001  square  mQes. 


Area 

Contents  of  reservoir, 

Supply,  cub.  ft. 

cubic  feet. 

per  second. 

20 

557  568  000 

26-888 

9 

250  905  600 

12-0999 

•001 

27  878 

•0013 

29001 

808  501 478 

38-9892 
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TABLE  III.— Part  2. 

Gnide  for  acreage  under  irrigation,  and  for  population  under 

water-supply. 


Cab.  feet 
per  second. 

At  60      At  75 

acres  per  acres  per 

cab.  foot  cub.  foot 

per          per 

second,    second. 

At  100 

acres  per 

cab.  ft.  per 

second. 

At  150 
acres  per 
cab.  ft.  per 

second. 

At  200 

acres  per 

cab.  ft.  per 

second. 

At  250 

acres  per 

cub.  ft.  per 

second. 

At  800 

acres  per 

cab.  ft.  per 

second. 

« 

Namber  of  acres  wal 

r 

^red. 

1 

50 

75 

* 

100 

150 

200    . 

250 

800 

2 

100 

150 

200 

300 

400 

500 

600 

3 

150 

225 

300 

450 

600 

750 

900 

4 

200 

300 

400 

600 

800 

1000 

1200 

5 

250 

375 

500 

750 

1000 

1250 

1500 

6 

300 

450 

600 

900 

1200 

1500 

1800 

7 

350 

525 

700 

1050 

1400 

1750 

2100 

8 

400 

600 

800 

1200 

1600 

2000 

2400 

9 

450 

675 

900 

1350 

1800 

2250 

2700 

10 

500 

750 

1000 

1600 

2000 

2500. 

8000 

l| 

At  5 

At  71 

At  10 

At  15 

At  20 

At  25 

At  80 

gallons 

gallons 

gallons 

gallons 

gallons 

gallons 

gallons 

.£  i    per  bead 

per  bead 

per  bead 

per  bead 

per  head 

per  bead 

per  head 

S  V       daily. 

daily. 

daily. 

daily. 

daUy. 

daily. 

daily. 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


Population  sapplied. 


107732 

71820 

53866 

35910 

26933 

215464 

143640 

107732 

71820 

53866 

323196 

215460 

161598 

107730 

80799 

430928 

287280 

215464 

143640 

107732 

538660 

359100 

269330 

179550 

134665 

646392 

430920 

323196 

215460 

161598 

754124 

474740 

377062 

237370 

188531 

861856 

574560 

430928 

287280 

215464 

969588 

646380 

484794 

323190 

242397 

1077820 

718200 

538660 

359100 

269330 

21546 

43093 

64639 

86186 

107932 

129278 

150825 

172371 

193917 

215464 


17955 

35910 

53865 

71820 

89775 

107730 

118685 

143640 

161595 

179550 


N.B, — The  next  page  will  contain  explanatory  examples. 
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Example  I. 

A  combined  irrigation  and  water-work  scheme  yields  18*234 
cnbic  feet  per  second ;  what  amount  of  land  and  of  population  could 
it  sapply,  at  the  rates  of  150  acres  per  cubic  foot  per  second,  and  7i 
gallons  per  head  per  diem,  if  one-fourth  alone  is  to  be  used  for  the 
water- works  ? 

The  supply  available  for  irrigation  will  be  =  18-234  —  4*658 
s=13'676  cubic  feet  per  second ;  and  from  Table  III.,  Pai*t  2,  we  obtain 
the  required  results,  thus — 

Cubic  feet  per  second.  Population. 

4.  287  280 

•5  85  910 

•05  0  591 

•008  574 


4-558 


327  355 


Cubic  feet  per 

second. 

Acres. 

10- 

1500 

3- 

450 

•6 

90 

•07 

10-5 

•006 

•9 

13-676 


2051- 


EXAJfPLE  n. 

A  town  has  a  population  of  40,000,  requiring  water  supply  at  15 
gallons  per  head  daily,  and  has  suburbs  to  the  extent  of  1,400  acres 
requiring  irrigation  at  150  acres  per  cubic  foot  per  second  of  supply: — 
what  catchment  area  will  be  necessary  to  provide  this,  if  the  annual 
rainfall  is  60  inches  P 

According  to  Part  2,  Table  III.,  the  supply  necessary  will  be 


For  population. 
85  910        1 
3  591  -1 

489  -02 


40  000        112 


For  irrigation. 
1 350  9 

50  -04 


I 


1400 


904 


Total 

cubic  feet 

per  second. 


i016 


Now,  assuming  that  out  of  60  inches  annual  rainfall,  30  can  be 
utilized  after  deducting  for  all  losses: — we  find  that  according  to 
Part  2,  Table  II.,  this  is  equivalent  to  a  supply  of  2*2083  cubic  feet 
|)cr  second  from  one  square  mile,  hence  the  minimum  catchment  area 

.,,   _  10*16        .  ^  ., 

necessary  will  =:  ■  =  4*6  square  miles. 
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TABLE  IV.— Part  1. 

Table  of  flood  discharges  in  cabic  feet  per  second,  due  to  catchment 

areas  in  square  miles,   and  corresponding   to  a  coefficient  n=:l 

in  the  formula  . 

Q  =  n  X  100  (N)*- 

For  local  values  of  coefficients,  see  Part  2,  Table  XII. 


Catchment 
area. 

Flood 
discharge. 

Catchment 
area. 

Flood 
discharge. 

Catchment 
area. 

Flood 
discharge. 

Catchment 
area. 

Flood 
discharge. 

•01 

3 

11 

604 

41 

1620 

71 

2446 

•02 

5 

12 

645 

42 

1650 

72 

2472 

•03 

7 

13 

685 

43 

1679 

73 

2498 

•04 

9 

14 

724 

44 

1708 

74 

2523 

•05 

11 

15 

762 

45 

1737 

75 

2549 

•06 

12 

16 

800 

46 

1766 

76 

2574 

•07 

14 

17 

837 

47 

1795 

77 

2599 

•08 

15 

18 

874 

48 

1824 

78 

2625 

•09 

16 

19 

910 

49 

1852 

79 

2650 

20 

946 

50 

1880 

80 

2675 

•1 

18 

21 

981 

51 

1908 

81 

2700 

•2 

30 

22 

1016 

52 

1936 

82 

2725 

•3 

41 

23 

1050 

53 

1964 

83 

2750 

•4 

50 

24 

1084 

54 

1992 

84 

2775 

•5 

59 

25 

1118 

55 

2020 

85 

2799 

•6 

68 

26 

1151 

56 

2047 

86 

2824 

•7 

76 

27 

1184 

57 

2074 

87 

2849 

•8 

85 

28 

1217 

58 

2802 

88 

2873 

•9 

92 

29 

1250 

59 

2129 

89 

2898 

30 

1282 

60 

2155 

90 

2922 

1- 

100 

31 

1314 

61 

2183 

91 

2946 

2^ 

168 

32 

1345 

62 

2210 

92 

2971 

3^ 

238 

33 

1377 

63 

2236 

93 

2995 

4- 

283 

34 

1408 

64 

2263 

94 

3019 

5- 

334 

35 

1439 

65 

2289 

95 

3043 

6- 

383 

36 

1470 

66 

2336 

96 

3067 

7^ 

430 

37 

1500 

67 

2342 

97 

3091 

8- 

476 

38 

1531 

68 

2368 

98 

3115 

9- 

520 

39 

1561 

69 

2394 

99 

3139 

10- 

562 

40 

1590 

70 

2420 

lOO 

V 

3162 

^ 

TABLE  IV.— Part  l--continued. 


Catchment 
area. 

1 

Flood 
discharge. 

Catchment 
area. 

Flood 
dischaige. 

Catchment 
area. 

Flood 
diBcharge. 

Catchment 
area. 

Flood 
diflcharge. 

110 

3397 

410 

9112 

710 

18  754 

1260 

21022 

120 

3626 

420 

9278 

720 

13  900 

1500 

24  103 

180 

3860 

430 

9443 

780 

14  044 

1750 

27  057 

140 

4070 

440 

9607 

740 

14  188 

2000 

29  907 

160 

4286 

460 

9770 

750 

14  332 

2500 

86  355 

160 

4499 

460 

9933 

760 

14  476 

8000 

40  586 

170 

4708 

470 

10  094 

770 

14  617 

3500 

45  504 

180 

4914 

480 

10  255 

780 

14  760 

4000 

50  297 

190 

6117 

490 

10  416 

790 

14  901 

4500 

64  943 

200 

6818 

600 

10  574 

800 

16  012 

6000 

69  460 

210 

6517 

610 

10  732 

810 

16  183 

6500 

68  867 

220 

6712 

620 

10  890 

820 

15  324 

6000 

68  178 

230 

6906 

680 

11046 

830 

15  468 

6500 

72  391 

240 

6098 

640 

11202 

840 

15  608 

7000 

76  629 

260 

6287 

660 

11367 

860 

16  742 

7600 

80  698 

260 

6476 

660 

11612 

860 

15  881 

8000 

84  590 

270 

6661 

670 

11666 

870 

16  019 

8600 

88  526 

280 

6846 

680 

11819 

880 

16  167 

9000 

92  402 

290 

7027 

690 

11791 

890 

16  295 

9500 

96  448 

300 

7208 

600 

12  128 

900 

16  432 

10  000 

100  000 

810 

7888 

610 

12  204 

910 

16  568 

820 

7666 

620 

12  426 

920 

16  706 

20  000 

168  179 

330 

7743 

630 

12  676 

930 

16  841 

80  000 

288  286 

340 

7918 

640 

12  724 

940 

16  976 

40  000 

282  366 

360 

8092 

660 

12  878 

950 

17  112 

50  000 

334  870 

860 

8265 

660 

18  021 

960 

17  246 

60  000 

888  866 

370 

8486 

670 

13  169 

970 

17  381 

70  000 

480  852 

380 

8607 

680 

18  310 

980 

17  511 

80  000 

475  688 

890 

8776 

690 

13  468 

990 

17  649 

90  000 

619  616 

400 

8944 

700 

18  609 

1000 

17  788 

100  000 

662  841 

XI 


TABLE  IV.— Paut  2. 

Flood  discharges  from  catchment  areas  with  a  coefficient  n  =:  8*25 
and  corresponding  waterway  for  bridge  openings. 

(By  Colonel  Dickens.) 


%^ 

s*& 

•s 

Catebment  area. 

Flood  difcharge, 
co-eflf  8-26 

Feet. 
5 

Flood  water- 
way. 

1 

GQ 

Height 
pier. 

Square  miles. 

Cub.  feet  per  sec. 

Square  feet 

No. 

Feet. 

Feet. 

•0016 

6-5 

1-5 

U 

1 

•0031 

11- 

5 

2-25 

2 

n 

•0047 

15 

5 

3- 

2 

•0078 

22 

5 

4-5 

3 

H 

•0125 

31 

5 

6- 

3 

2 

^0250 

52 

5 

10^5 

4 

2J 

•0625 

103 

6 

18- 

6 

3 

•1250 

173 

6 

29- 

7 

4 

•2500 

292 

6 

49- 

10 

5 

•5000 

490 

6 

81- 

12 

7 

1 

825 

7 

137 

2 

12 

6 

2 

1388 

7 

200 

3 

12 

6 

3 

1881 

7 

270 

3 

14 

7 

5 

2  760 

7 

400 

3 

16 

8 

7 

3  550 

7 

507 

3 

18 

9 

10 

4  640 

7 

663 

3 

20 

11 

20 

7  804 

8 

975 

6 

20 

10 

30 

10  577 

8 

1322 

6 

24 

11 

50 

15  605 

9 

1  734 

5 

30 

in 

100 

26094 

9 

2  899 

6 

40 

14i 

200 

43  884 

10 

4  388 

7 

40 

16i 

800 

59  481 

10 

5  948 

9 

40 

16i 

500 

87  255 

10 

8  725 

9 

50 

19 

1000 

146  737 

10 

14  673 

15 

50 

19 

-    2000 

246  780 

11 

22  434 

15 

60 

24 

3000 

334  487 

11 

30408 

20 

60 

25 

5000 

490  636 

12 

40886 

20 

75 

27 

10000 

825  000 

12 

68  750 

80 

75 

30 

20  000 

1 387  746 

13 

106  749 

40 

75 

35 

30  000 

1  870  962 

13 

143  920 

45 

80 

40 

50000 

2  695  690 

14 

190  256 

60 

90 

42 

100000 

4  639  274 

15 

309285 

60 

100 

50 

k           \ 
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TABLE  V. 


Comparatiye,  usual,  and  safe  bottom  velocities. 


Feet  per 
second. 

Feet  per 
second. 

Slow  rivers 

Ordinary  rivers    ... 
Bapid  rivers 

A  man's  walk 

Horse  trot     

Bacing  speed 

Winds    

Storms 

Hurricanes    

•33 

2-25 

10*25 

4-5 
10-25 

88 

10-25 

5275 

117-25 

Sailing  ships 
Sea  steamers 
River  steamers 

Railways,  English  •«.. 
„           French    . . . 
„           American 

Sound  at  30* 
Sound  at  63° 
Air  into  a  vacuum. 

Bar.  30" 

17 
20 
26 

47 
40 
27 

1090 
1122 

• 

1344 

Feet  per 
second. 

Limits  usual  for  canals     ... 

Limits  for  rivers  and  canals  just  navigable       

Limits  for  irrigating  channels     ... 

Limits  for  sewers  and  brick  conduits 

Earthenware  drainage  pipes        

Maximum  tidal  current  measured           

Best  velocities  for  pipes,  so  as  to  get  a  7 
maximum  discharge  under  pressure  J 

1  to4 
3to4i 
lto3 
lto4|. 

4 
15 

25  to  35 

Safe  maximum   bottom  velocities. 

Feet  per 
second. 

• 

For  soft  claj          ...         ...         ..,  . 

For  fine  sand 

For  coarse  sand  and  small  gravel           

For  gravel  as  large  as  beans        

For  gravel  one  inch  in  diameter 

For  pebbles  one  and  a  half  inches  in  diameter 

For  heavy  shingle ...         

For  soRei^  rocks,  brick  and  earthenware            

For  hard  rock        

•25 
•5 
•7 
1- 

2-25 
8-83 
4- 
4-5 
6  to  10 
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TABLE  VI.— Part  1. 

Ordinaiy  limits  of  channel  gradients. 

Reciprocal  of  slope. 

1  in  500  000       Least  canal  slope  to  produce  motion. 

1  in    16000)    ^.    ..      .^._  .        .     ,.      ^     , 

1  in      6  000  3    •'-'^J^iw  of  tidal  navigation  for  large  canals. 

1  in      5  000  [    ^*^  ^^  most  deltaic  or  inundation  canals. 

1  in      6000)    T3,  II    ^         .  , 

1  in      2  000  S  most  canals. 

1  in      1  000  (    ^^^^  ^^  smaller  canals,  channels. 

1  in       5  0007     r,  n    r 

1   •  enrk  r    Fall  of  most  nvers. 

1  m         500) 

1  in         300 1    j,^  ^^  torrents. 
1  m  80) 

Maximum  gradients. 

I  in  50  Ordinary  railways. 

1  in  30  Turnpike  road. 

1  in  20  Public  road. 

1  in  16  Private  road. 

1  in     8  Maximum  for  an  ordinary  carriage  to  ascend. 

1  in    4  Maximum  for  beasts  of  burden. 

1  in  li  Maximum  for  hill  walking. 

Various  slopes. 

1     to  1  to  i  to  1  Chalk  ;  dry  clay. 

1  to  1  Compact  earth  rubble,  dry  set. 
li  to  1  Gravel,  shingle,  dry  sand. 

H  to  1  Average  mixed  earth,  dry. 

1 J  to  1  Vegetable  earth,  dry. 

2  to  1  \  Sand  dry. 

2     to  1  >  Minimum  for  slated  and  tiled  roofs. 

2i  to  1  -^  Maximum  for  back  slopes  of  rammed  earthen  dams. 

3i  to  1    Maximum  for  breast  slopea  of  rammed  earthen  dams. 

4    to  1    to  3  to  1  Wet  clay,  peat. 

N,B. — ^Wetted  soil  requires  a  less  slope  ihsj\  dx^  ^^^  ^^so^^st^^^ 
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TABLE  VI.— Part  2. 


Reduction  of  gradients. 


Fall  in  feet 

i 
1 

Fall  in  feet 

Slope  (S) 

Fall  of  one  in 

per  mile. 

Slope  (S)   ; 

Fall  of  one  in 

per  mile. 

•000  0100 

100  000 

•0528 

•000  55 

1818 

2-904 

•000  0133 

75  000 

•0704 

-000  6 

1666 

3168 

•000  0150 

66  666 

•0792 

-000  65 

1538 

3-332 

•0000200 

50000 

•1056 

-000  66 

1500 

3.52 

•0000250 

40000 

•1320 

•000  7 

1429 

3-696 

•000  0300 

33333 

•1584 

•000  75 

1333 

3-960 

•000  0333 

30000 

•1760 

•000  8 

1250 

4-224 

•0000350 

28  571 

•1848 

•000  85 

1176 

4-488 

•0000400 

25  000 

•2112 

-000  9 

nil 

4-752 

•0000450 

22  222 

•2376 

•00095 

1053 

5-016 

•0000473 

21120 

•2500 

•000  0500 

20000 

•2640 

•001 

1000 

5-28 

•0000600 

16  666 

•8168 

•00110 

909 

6-808 

•000  0700 

14  286 

•3696 

-00111 

900 

5-864 

•0000800 

12  500 

•4224 

•00125 

800 

6-6 

•0000900 

11111 

•4752 

•00143 

700 

7-54 

•0000947 

10  560 

•5 

•0015 

666 

7^92 

•0001000 

10  000 

•528 

•00166 

600 

8-8 

•0001111 

9000 

•5866 

•00175 

571 

9-24 

•0001250 

8000 

•6600 

-002 

500 

10-56 

•0001420 

7004 

•7500 

•0001428 

7000 

•7543 

•0001500 

6666 

•7920 

-00225 

AAA, 

11-88 

•000 1666 

6000 

•8800 

•0025 

400 

13-20 

•000 1750 

5714 

•9240 

•00275 

364 

14-52 

•0001894 

5280 

1^ 

-003 

333 

15-84 

•000  2000 

5000 

1056 

•00325 

308 

16-66 

-00333 

300 

17-60 

•000  25 

4000 

1-320 

•0035 

286 

18-48 

•0003 

3333 

1-584 

•00375 

266 

19-80 

•000333 

3000 

1^760 

•004 

250 

2112 

•000  35 

2857 

1-848 

-00425 

235 

2244 

•0004 

2500 

2112 

•0045 

222 

2376 

•00045 

2222 

2-376 

•00475 

210 

2508 

•000  5 

2000 

2-640 

•005 

200 

2640 

TABLE  VI.— Part  2-^ontinued. 


Redactioii  of  gradients. 


XV 


Slope  S. 

Fall  of  one  in 

Fall  in  feet 
per  mile. 

Slope  S. 

Fall  of  one  in 

Fall  in  feet 
per  mile. 

•005 

200 

26-40 

•015385 

65- 

81-23 

•005263 

190 

27-78 

•0155 

64-5 

81-84 

•0055 

181-8 

2904 

•016 

62-5 

84-48 

•005555 

180 

29-33 

-0165 

60-6 

87-12 

•005882 

170 

31-05 

•016667 

60- 

88- 

•006 

166-66 

31-68 

•017 

58-8 

89-76 

•006250 

160 

33^ 

•0175 

57-1 

92-40 

•0065 

1538 

33-32 

-018 

55-6 

9504 

•006667 

150 

35-20 

•018182 

55- 

96- 

•007 

142^86 

36-96 

•0185 

54-1 

97-68 

•007143 

140 

37-71 

•019 

52-6 

100-32 

•0075 

133-3 

39-60 

-0195 

51-3 

10296 

•007692 

130 

40-60 

•02 

50- 

105^6 

•008 

125 

42-25 

•008333 

120 

44- 

•021 

47.6 

110-88 

•0085 

117-6 

44-88 

-022 

45-4 

11616 

•009 

111-1 

47-52 

•023 

43-5 

12144 

•009091 

110 
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37-0 

142-56 

•0105 

95-2 

55-44 

•028 

35-7 

147-84 

•010526 

95 

55-57 
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•013 
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68-64 
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71-4 

73-92 
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75-42 
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25-6 

205-92 
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66-7 

79-20 

•04 

25- 

211-2     V 
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TABLE  VI.— Part  3. 
Reduction  table  for  angalar  slopes. 


AngnUr 
Slope. 

Batio  to  one 
perpendicnlar. 

Redaction  in 
feet  and 

decimals  for 
100  feet. 

AogoUr 
Slope. 

Balio  to  one 
perpendicular. 

Reduction  in 
feet  and 

decimals  for 
100  feei. 

1" 

57 

•015 

5"  30' 

••• 

•460 

1"  15' 

46 

•  •  • 

5' 42' 

10 

••• 

1"  30* 

39 

•034 

5"  45' 

•  •• 

•503 

ris' 

33 

••• 

6° 

9-5 

•548 

2° 

28 

•061 

6"  15' 

••• 

•594 

2°  15' 

25 

••• 

6'  21' 

9 

••• 

2"  30' 

23 

095 

6°  30' 

•  •  • 

•643 

2»45' 

21 

•  •• 

6°  43' 

8-5 

•  •• 

3° 

19 

•137 

6°  45' 

•  •  • 

•693 

3°  15' 

18 

•161 

r 

•  •  • 

•745 

3°  28' 

17 

•  •• 

r  r 

8 

•  •• 

3°  ac 

•  •• 

•187 

T  16' 

•  •• 

•800 

3"  35' 

16 

••• 

7°  30" 

•  •• 

•856 

3°  46' 

•  •• 

•214 

r  36' 

7-5 

•  •• 

3"  4^ 

15 

••• 

7°  45' 

•  •• 

•913 

4° 

•  1  • 

•244 

8° 

•  •• 

•973 

4°    6' 

14 

••• 

8°    8' 

7 

•  •• 

4°  15' 

••• 

•275 

8°  15' 

•  •  • 

1^035 

4°  24' 

13 

••• 

8*  scy 

•  •• 

1098 

4"  30' 

•  •• 

•308 

8°  46' 

6-6 

1-164 

4°  45' 

12 

•343 

9° 

•  •  • 

1-231 

6" 

11-6 

•381 

9'  15' 

•  !• 

1-300 

5°  12' 

11 

•  •• 

9"  27' 

6 

•  •  • 

6°  15' 

••• 

•420 

9°  30' 

•  1  • 

1-371 

5'  27 

10^6 

••  • 

9»45' 

•  •• 

1-444 
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TABLE  VI.— Part  S-^-continued. 
Reduction  table  for  angular  slopes. 


Angnlar 
Slope. 

Batio  to  one 
peipendicnkr. 

Reduction  in 
feet  and 

dedmali  for 
100  feet. 

Angular 
Slope. 

Batio  to  one 
perpendicular. 

• 

Reduction  in 
feet  and 

decimals  for 
100  feet 

9°  62' 

576 

••• 

17^    6' 

3-25 

•  •• 

10° 

••• 

1-519 

17^  SC 

••• 

4-628 

10°  18* 

5-6 

•  I* 

18^ 

••• 

4-894 

10°  80' 

•  •• 

1-675 

18°  26' 

3 

••• 

10°  47' 

5-25 

•  •• 

18°  SC 

••• 

5168 

11° 

•  •• 

1-837 

19° 

••• 

5-448 

11°  W 

6 

•  •  • 

19°  SC 

•  •  ■ 

5-736 

11°  30' 

••• 

2008 

19°  59^ 

2-75 

••• 

11°  53' 

475 

••• 

20° 

•I* 

6-081 

12° 

••• 

2185 

21°  48' 

2-5 

•  •• 

12°  SO* 

••• 

2-370 

23°  58' 

2-25 

•I* 

12°  32' 

4-5 

•  •• 

25° 

•  •• 

9-369 

13° 

••• 

2-563 

26°  34' 

2 

••• 

13°  15' 

4-26 

••• 

29°  44' 

175 

••• 

13°  30' 

•  •• 

2-763 

30° 

•  •• 

13-397 

14° 

4 

2-970 

33**  41' 

1-5 

•  •  • 

14°    2' 

••• 

•  •• 

35° 

•  •• 

18-085 

14°  30' 

•  •• 

3-185 

38°  39' 

1-25 

•  •• 

14°  55' 

3-75 

•  1  • 

40° 

••« 

23-396 

16° 

•  •  • 

3-407 

45°* 

1 

•  •  • 

16°  30' 

•  •  • 

3-637 

50^ 

•  1  • 

36-721 

15°  56' 

3-5 

•  •• 

53*»    8' 

-76 

II* 

16° 

■  •• 

3-874 

56^20' 

-66 

•  •• 

16°  30' 

•  •• 

4-118 

60^ 

•  •• 

50- 

170 

•  •.* 

4-370 

63"*  26' 

•6 

••• 

c^ 
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TABLE  VII. 

Gives  velocities  of  discharge  for  rivers,  streams,  and  canals,  for 
various  hydraulic  mean  depths  and  slopes  according  to  the  formula. 

V  =  c  X  100  (R.  S)i  when  c  =  1. 

The  tabular  numbers  extend  the  use  of  the  table  to  any  slope. 

N.B. — For  the  use  of  co-efficients  (e)  see  Part  3,  Table  XII. 
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TABLE  VII. 

Gives  velocities  of  discharge  for  rivers,  streams,  and  canals,  for 
various  hjdranlic  mean  depths  and  slopes  according  to  the  formula. 

V  =  c  X  100  (R.  S)i  when  c  =  1. 

The  tabular  numbers  extend  the  use  of  the  table  to  any  slope. 

N.B. — For  the  use  of  co-efficients  (c)  see  Part  3,  Table  XII. 
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Explanatory  Examples  to  Table  Vil. 

Example  1.  A  river  has  a  hydraulic  radios  of  5*2  feet,  a  hydraulic 
slope  of  '0002  and  a  cross  section  of  1000  square  feet,  required  the 
discharge,  assuming  a  frictional  co-efficient  of  *03. 

By  Table  Vil.  the  unmodified  mean  velocity  of  discharge  =:  3*225 
feet  per  second,  and  by  Part  ^  of  Table  Xll.  the  value  of  e  the 
co-efficient  suitable  to  this  radius  and  slope  is  '668,  hence  the  true  dis- 
charge =  cxAxQ= -66  X  1000  x  3'225  =  2128  cubic  feet  per 
second. 

Example  2.  Suppose  the  river  mentioned  in  the  last  example  to 
have  a  hydraulic  slope  of  '0015,  the  remaining  data  being  as  before, 
required  the  discharge. 

In  this  case  the  inclination  not  being  one  of  those  given  at  the  heads 
of  columns,  make  use  of  the  tabular  number  corresponding  to  the 
hydraulic  radius,  which  is  228'03,  and  multipljring  it  by  v'OOlS,  an 
unmodified  mean  velocity  of  discharge  8'87feet  per  second  is  obtained. 
Taking  the  suitable  co-efficient  c  from  Part  3,  Table  XII.,  the  true 
discharge  =  c  xAxV  =  -65x  1000  X  8'87  =  6765  cubic  feet 
per  second. 

Example  3.  A  canal  is  to  have  a  cross  section  of  250  square  feet,  a 
hydraulic  radius  of  4  feet,  and  must  discharge  when  in  perfect  order 
and  regimen  500  cubic  feet  per  second,  what  is  the  hydraulic  slope 
necessary,  and  what  will  its  discharge  be  when  it  wears  itself  into  a 
state  resembling  a  natural  channel,  if  we  assume  the  other  data  to  re- 
main the  same? 

From  an  inspection  of  Table  YII.  and  the  table  of  co-efficients  for 
artificial  channels,  it  appears  that  for  the  given  radius  a  co-efficient  of 
*753  and  a  slope  of  '00018  would  nearly  satisfy  the  conditions :  assum- 
ing '753,  the  mean  velocity  becomes  2  65  and  the  slope  '000175.  The 
discharge  for  a  natural  channel  would  require  the  co-efficient  '632,  and 
would  =  -632  X  250  X  200  X  -s/ 000175  =  418  cubic  feet  per 
second. 
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TABLE  VIII. 

For  full  cylindrical  tubes — ^Pipes,  Sewers,  Ac. 

Past  1.— Discharges  in  cubic  feet  per  second. 

Q  =  c  X  39-27  (Sd*)* 
PiBT  2. — Diameters  in  feet  and  decimals. 

Past  8.— Heads  for  a  length  of  100  feet,  in  feet. 

1  Q* 

H  =  ^   X   -0648  f, 

being  values  of  the  corresponding  formulsB,  when  c  s  1. 

N.B, — For  more  correct  results,  apply  the  values  of  the  co-efficient 
(e)  given  in  Part  3,  Table  XII.,  in  every  case,  using  the  table  of  useful 
numbers,  Part  7,  Table  XII.,  for  powers  and  roots. 

The.  tabular  numbers  extend  the  use  of  the  tables  to  any  slope. 

Some  explanatory  examples  follow  this  table. 
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TABLE  VIII.— Part  1. 


Dificharges  throagh  fxill  cylindrical  tubes,  Pipes,  Culverts,  &c. 


Pordiftmeten 
in  feet. 


(2'0 
(3-) 

5") 
(  6'0 
(7") 
(8-) 

( n 
(in 

(iro 


( 


•083 

•166 

•25 

•33 

•416 

•5 

•683 

•75 
•83 

•916 


(12")l-00 

125 
1-5 
1-75 
2- 

2-26 
2-5 
276 
3- 

3-25 
3-5 
376 
4- 

426 
4-5 
4-75 
5^ 

6-5 

6- 

6-5 


For  slopes  of  one  in 
100      150      200      300      400      600    1000 


-'|>S 


'OQ 


Diflcliargefl  in  cubic  feet  per  second; 


•008 

•04 

•12 

•25 

•44 

•69 

1-02 

143 

1-91 

2-49 

316 

3-93 

6-86 
10^82 
15^91 
22-21 

29-82 
88-81 
49-25 
61-21 


•006 

•04 

•10 

•21 

•36 

•57 

•83 

116 

1^56 

203 

2-58 

3-28 


•006 

•03 

•09 

•18 

•31 

•49 

•72 

101 

1-35 

1-76 

2^23 

2-78 


6-60  4-85 

8-82  7-65 

12-99  11-25 

18-14  16-71 


•005 

•03 

•07 

•16 

•26 

-40 

•69 

-82 

1-10 

1-44 

1-82 

2-27 

8.96 

6-25 

918 

12-83 


24^36 
31-69 
40-22 
49-99 


2108  17^22 

27-44  22-41 

84-82  28-48 

48^28  85-34 


74-77    6104 

89-99    78-49 

106-94    87-83 

125-66  102-68 


52-87 
63-68 
75-61 
88-84 


43-18 
51-96 
61-74 
72-66 


1 
1 
1 


004 

02 

•06 

13 

22 

35 

•61 

71 

•97 

•25 

•68 

•96 


8-48 

6-41 

7-95 

1111 

14-91 
19-40 
24-62 
30-61 


146-28  119-42  108-38  8432  7311 
168-69  137-76  11926  97-39  84-34 
193-10  157-70  136-52  11148  9656 
219-54  179-26  165-24  126-75  109-77 


1 
1 


•004 

02 

05 

11 

•20 

31 

•46 

•64 

•86 

11 

•41 


1-76 

307 
4-84 
7-11 
998 

13-34 
17-35 
22  02 
27-37 


•003 
•01 
•04 
•08 
•14 
-22 
-32 
•45 
-61 
•79 
1-00 
1-24 

2-16 
3-42 
5-03 
702 

9-43 
12-27 
15-67 
19-35 


3788  38-44  2364 

44-99  40*25  2846 

53-46  47-82  33-81 

62-83  56-20  39-73 


65-39  46-24 

75^44  53-34 

86-36  61-06 

99^18  69-48 


278-61  227-48  19700  160-85  139-30  12460  88-10 
846-31  282-76  244-88  199  94  173-16  15^88  109-61 
423-03  345-40  29918  244^23  211-51  189-18  13377 
60918  415-70  36001  293-95  25467  227-69  l^VQft 


•079 

•445 

1^227 

2-519 

4-401 

6939 

10-206 

14-251 

19128 

24-^95 

31-594 

39-27 

68-601 
108-216 
159-096 
222-146 

298-606 
388-078 
492-489 
612-105 

747-744 

899-990 

1069-397 

1256-640 

1462-262 
1686-886 
1931-028 
2195-436 


2786-060 
8463-130 
4280^262 
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TABLE  VIII.— Part  2. 


Diameters  of  fidl  Pipes  of  small  discharge  oad  high  inclination. 


^3  ^    «• 

Diflcbaiges  Id 

For  slopes  of 

one  in 

:i3-ir  1 

oabio  feet  per 
■eoond. 

100 

150 

200 

30C 

>      400      500     1000 

•ifl  --  fe 

Diameters  in 

feet. 

•1 

•23 

•25 

•26 

•29 

•30 

•32 

•36 

•0916 

•2 

•30 

•33 

•35 

•38 

•40 

•42 

•48 

•1208 

•3 

•36 

•89 

•41 

•44 

•47 

•49 

•57 

•1421 

•4 

•40 

•43 

•46 

•50 

•53 

•55 

•63 

•1594 

•5 

•44 

•47 

•50 

•55 

•58 

•60 

•69 

•1743 

•6 

•47 

•51 

•54 

•59 

•62 

•65 

•75 

•1875 

•7 

•50 

•54 

•58 

•62 

'66 

•69 

•79 

•1994 

-8 

•53 

•67 

•61 

•66 

•70 

•73 

•84 

•2104 

•9 

•56 

•60 

•64 

•69 

•73 

•77 

•88 

•2215 

1- 

•58 

•63 

'66 

72 

'76 

•80 

•92 

•2300 

11 

•60 

•65 

•69 

•75 

•79 

•83 

•95 

•2385 

1-2 

•62 

'67 

71 

'77 

•82 

•86 

•99 

•2474 

1-3 

•64 

•70 

•74 

•80 

•85 

•89 

102 

•2556 

1-4 

'66 

72 

'76 

•82 

•87 

•91 

105 

•2631 

1-5 

•68 

•74 

•78 

•85 

•90 

•94 

108 

•2705 

1-6 

•70 

'76 

•80 

•87 

•92 

•96 

1-11 

•2776 

17 

•71 

'77 

•82 

•89 

•94 

•99 

1^13 

•2844 

1-8 

•73 

•79 

•84 

•91 

•96 

1^01 

116 

•2910 

1-9 

•75 

•81 

•86 

•93 

•99 

103 

1-18 

•2973 

2-0 

'76 

•83 

•88 

•95 

101 

105 

1-21 

•3035 

21 

•78 

•84 

•89 

•97 

103 

107 

1-23 

•3095 

2-2 

•79 

•86 

•91 

•99 

104 

1-09 

1-26 

•3153 

2-3 

•81 

•87 

•93 

1.01 

106 

111 

1-28 

•3209 

2*4 

•82 

•89 

•94 

102 

108 

1-13 

1^30 

•3265 

2-6 

•83 

•90 

•96 

1-04 

1-10 

115 

1-32 

•3318 

2-6 

•85 

•92 

•97 

1.05 

112 

117 

1-34 

•3368 

27 

•86 

•93 

•99 

107 

113 

119 

1^36 

•3422 

2-8 

•87 

•95 

100 

109 

115 

1-20 

1-38 

•3472 

29 

•88 

•96 

102 

1-10 

1-17 

1-22 

1-40 

•3521 

30 

•90 

•97 

103 

1-12 

1-18 

1-24 

1-42 

•3569 

For  special  cases  modify  the  discharge  by  a  co-efficient  (c)  before 
applying  it  to  the  table,  to  find  the  diameter. 


XXIX 


TABLE  VIII.— Part  2'^eontinued. 

Diameters  of  full  cylindrical  Sewers,  Drains  of  largo  discharge 

and  low  inclination. 


Duchuges 

For  slopes  of  < 

one  in 

' 

in  cnbic  feet 

5j3  ^TS 

per  second. 

500 

1000 

1500  2000 

2500 

3000 

4000 

Diameters  in 

feet. 

1 

•80 

•92 

•99 

105 

1^10 

1:14 

1-21 

•23 

2 

1-05 

1-21 

1-31 

1-39 

1^45 

1-51 

1^59 

•30348 

3 

1-24 

142 

1-54 

1-63 

1-71 

177 

1-88 

•35692 

4 

1-39 

1-59 

173 

183 

191 

1-99 

2-10 

•40045 

5 

1-62 

174 

1-89 

2-00 

2-09 

217 

230 

•43780 

6 

1-63 

1-87 

203 

215 

2-25 

2-34 

2-47 

•47096 

7 

174 

1-99 

2-16 

2-29 

2-40 

2-48 

2-63 

•50092 

8 

1-83 

2-10 

2-28 

242 

2-53 

2-62 

278 

•52840 

9 

1-92 

2-21 

2-39 

2-53 

2-65 

2-75 

2-91 

•55389 

10 

200 

2.30 

2-49 

2-64 

276 

287 

304 

•57773 

11 

2-08 

2-39 

2-59 

274 

2-87 

2-98 

3-15 

•60018 

12 

215 

2-47 

2-68 

2-84 

*2-97 

8-08 

3-27 

•62144 

13 

2-22 

2-55 

276 

2-93 

3-07 

318 

3-37 

•64166. 

14 

2-29 

2-63 

2-85 

302 

316 

3-28 

3-47 

•66096 

15 

2-36 

271 

2-93 

311 

3-25 

3-37 

3-57 

•67946 

16 

2-42 

278 

301 

319 

332 

3-46 

3^66 

•69723 

17 

2-48 

2-84 

3-08 

3-27 

3-42 

3-54 

3-75 

•71434 

18 

2-53 

2.91 

316 

3-34 

3-50 

3-63 

3-84 

•73086 

19 

2-59 

2-97 

3-22 

3-42 

3-57 

3^70 

3-92 

•74684 

20 

2-64 

3-03 

3-29 

3-49 

3-65 

378 

4-00 

•76232 

30 

311 

3-57 

3-87 

4^10 

4-29 

445 

4-71 

•89655 

40 

3-49 

4-00 

4-34 

4-60 

4-81 

4-99 

5-28 

1-0059 

50 

3-81 

4-38 

475 

5-03 

6-26 

5-45 

5-78 

1-0998 

60 

4-10 

4-71 

5-11 

5-41 

5^66 

5-87 

6-21 

1-1830 

70 

4-36 

5-01 

5-43 

575 

6^02 

6-24 

6-61 

1-2582 

80 

4-60 

5-28 

573 

6-07 

6-35 

6-58 

6-97 

1-3273 

90 

4-82 

5^54 

6-00 

6-36 

6-65 

6-90 

7-31 

1-3913 

100 

6-03 

5-78 

6^26 

6-64 

6-94 

7-20 

7-62 

1-4512 

200 

6-64 

7-62 

8-27 

8^76 

916 

9-50  10-06 

1-9149 

300 

7-81 

8-97 

972  10-30  1077  1116  1183 

2-2520 

For  special  cases,  modify  the  discharge  by  a  co-efficient  (c)  before 
applying  it  to  the  table,  to  find  the  diameter. 


TABLE  Vni.— Part  3. 


Small  Pipes.     Heade  for  a  length  of  100  feet. 


For  diameters  in 

feet. 

J  fe>S- 

For  diB- 

a-^i 

charges  in 

•083 

•166 

-25 

-333 

-416 

cubic  feet 

III 

per  teoond. 

(I'O 

cn 

(3") 

(4'0 

(5'0 

Head  of  water  in 

feet.' 

•1 

161 

5.04 

•664 

-157 

-0516 

-000648 

•2 

645 

20-16 

2-654 

•630 

-2064 

-002692 

•3 

1451 

45-35 

5-972 

1-417 

-4644 

-006832 

•4 

2580 

80-62 

10-617 

2-525 

•8256 

-010368 

•5 

4031 

125-97 

16-589 

3-937 

1-2899 

-0162 

•6 

5804 

180-56 

23-888 

.  5-669 

1-8576 

•023328 

•7 

7900 

246-90 

82-514 

7-716 

2-5283 

-031762 

•8 

10318 

322-48 

42-467 

10-078 

3-3023 

•041472 

•9 

13061 

40815 

53-748 

12-754 

4-1794 

-052488 

1-0 

16124 

503-89 

• 

66-355 

15-746 

5-1598 

-0648 

1-1 

19510 

609-70 

80-290 

19-053 

6-2433 

•078408 

1-2 

23219 

725-59 

95-551 

22-675 

7-4301 

-093312 

1-3 

27250 

851-56 

112-140 

26-611 

8-7200 

-109512 

1-4 

81604 

987-60 

130-056 

30-863 

101132 

•127008 

1-5 

36280 

1133-74 

149-299 

35-429 

11-6095 

-1458 

1-6 

41278 

1289-94 

]  69-869 

40311 

13-2090 

-165888 

17 

46599 

1456-22 

191-767 

45-507 

14-9118 

-187272 

1-8 

52243 

1632-59 

214-992 

61-018 

16-7177 

•209952 

1-9 

58209 

181902 

239-542 

56-844 

18-6268 

-233928 

2-0 

64497 

2015-54 

265  421 

62-986 

20-6391 

•2692 

21 

71108 

222213 

292-627 

69-442 

22-7546 

-285768 

2-2 

78042 

2438-80 

321-160 

76212 

24-9733 

-313632 

2-3 

85298 

2665-55 

351-020 

83-299 

27-2952 

•342792 

2-4 

92876 

2902-36 

382-206 

90-699 

29-7203 

•373248 

2'5 

100777 

3149-28 

414-720 

98-415 

32-2487 

•4050 

2-6 

109000 

3406-26 

448-561  106-446 

34-8801 

-438048 

2-7 

117546 

3673-32 

483-730  114-791 

37-6147 

-472392 

2-8 

126415 

3950-46 

520-225  123-452 

40-4527 

-508032 

2-9 

136605 

4237-67 

558-048  132-427 

43-3937 

•644968 

80 

145119 

4534-96 

697-197  141-717 

46-4380 

-5832 

For  special  cases  modify  the  discharge  by  a  co-efficient  (c)  before 
applfiDg  it,  to  £nd  the  head  necessary. 


TABLE  VIII.— Part  d— con^ffiu^ J. 


Pipes.    Head  for  a  length  of  100  feet. 


For  diameten  in  feet. 

)erto 
sen. 

Pordii- 

fli'l 

ehaigeain 

•6 

•683 

'666 

*75 

•838 

S-sJ 

euUelMt 

pertaeond. 

(6'0 

(7") 

(8'0 

(9-) 

(10^0 

ll's 

Hetdof  watei 

■  in  feet  and  dedmali. 

• 

•1 

•0207 

-0096 

•0049 

•0027 

•0016 

-000648 

•2 

•0829 

•0884 

•0197 

•0107 

•0064 

-002592 

•3 

•1866 

•0863 

-0443 

-0246 

•0145 

•005832 

•4 

•3318 

•1535 

•0787 

•0437 

•0258 

•010368 

•5 

•5184 

-2398 

•1230 

•0683 

•0403 

•0162 

•6 

•7465 

•3454 

•1772 

•0989 

•0580 

•023328 

•7 

10163 

•4701 

•2411 

•1338 

-0790 

-031752 

•8 

1-3271 

•6140 

-3149 

•1748 

•1032 

•041472 

•9 

1-6796 

•7753 

•3995 

•2212 

•1306 

-052488 

1-0 

20736 

•9594 

-4921 

•2731 

•1612 

•0648 

11 

2-5091 

1-1608 

•5954 

•3304 

•1951 

•078408 

1-2 

2-9860 

1-3815 

•7086 

-3932 

•2322 

•093312 

1-3 

3^5044 

1-6213 

•8316 

-4615 

•2725 

-109512 

1-4 

4-0643 

1-8804 

•9645 

•5352 

•3160 

•127008 

1-6 

4-6656 

2-1586 

1-1072 

•6144 

•3628 

-1458 

1-6 

5^3084 

2-4560 

1-2597 

•6991 

•4128 

-165888 

1-7 

5-9927 

2-7726 

1-4221 

•7892 

-4660 

-187272 

1-8 

6-7185 

3-3084 

1-5943 

-8847 

•5224 

•209952 

1-9 

7-4857 

3-4633 

1-7764 

•9858 

•5821 

-233928 

20 

8-2944 

3-8375 

1-9688 

1-0674 

•6450 

•2592 

21 

9-1446 

4-2809 

2-1701 

1-2042 

•7111 

•286768 

2-2 

10-0362 

4-6377 

2-3816 

1-3216 

•7804 

-313632 

2-3 

10-9693 

6-0761 

2-6031 

1-4445 

•8530 

•342792 

2-4 

11-9439 

66260 

2-8343 

1-5729 

-9288 

-373248 

2-6 

12-9600 

6-9961 

3-0755 

1^7067 

1-0078 

-4050 

2-6 

14-0175 

6-4864 

3-3264 

1-8459 

1-0900 

•438048 

2-7 

15-1165 

6-9939 

3-5872 

1-9906 

1-1755 

•472392 

2-8 

16-2570 

7-6216  ' 

<  3-8579 

21408 

1-2642 

•608032 

2-9 

17-4390 

8-0683 

41383 

2-2965 

1^3561 

-644968 

3-0 

18-6624 

8-6344 

4-4287 

2-4576 

1-4512 

•6832 

For  special  cases  modify  the  discharge  by  a  co-efficient  (c)  be 
applying  it^  to  find  the  head  neoeesary. 


TABLE  Vni.— Part  Z^-eantinued. 


Large  Pipes.    Head  for  a  lengih  of  100  feet. 


l|j 

Fordia- 

For  diftmeterf  in  feet 

ehftrgM  in 

cubic  feet 
perieeond. 

1- 

1-5 

2- 

2-6 

3-0 

Head  of  wmter  in  feet 

- 

1 

•0648 

•0085 

•0020 

•0007 

•0003 

K)648 

2 

•2592 

•0341 

•0081 

•0027 

-0011 

-2592 

3 

•5832 

•0768 

•0182 

•0060 

•0024 

•5832 

4 

1-0368 

•1365 

•0324 

-0106 

•0043 

10368 

5 

1-62 

-2133 

•0506 

•0166 

•0067 

1-62 

6 

2-3328 

•3072 

•0729 

•0239 

•0096 

2-3328 

7 

3-1752 

•4181 

•0992 

•0325 

•0131 

8-1752 

8 

41472 

•5461 

•1296 

•0425 

-0167 

4-1472 

9 

5-2488 

•6912 

•1640 

•0537 

•0216 

5-2488 

10 

6-48 

•8533 

•2025 

•0664 

•0267 

6-48 

11 

7-8408 

1-0325 

-2450 

•0803 

•0323 

7-8408 

12 

9-3312 

1-2288 

•2916 

•0956 

•0384 

9  3312 

13 

10-9512 

1-4421 

-3422 

•1121 

•0451 

109512 

14 

12-7008 

1-6725 

-3969 

•1301 

•0523 

12-7008 

16 

14-58 

1-92 

-4556 

•1493 

•0600 

14-58 

16 

16-5888 

21845 

•5184 

•1699 

-0667 

16-5888 

17 

18  7272 

2-4661 

•5852 

•1918 

•0771 

18-7272 

18 

20-9952 

2-7648 

•6561 

-2150 

•0864 

20-9952 

19 

23-3928 

3-0805 

•7310 

-2395 

•0963 

23-3928 

20 

25-92 

3-4133 

•81 

•2654 

-1067 

25-92 

21 

28-5768 

3-7632 

•8930 

-2926 

•1176 

28-5768 

22 

31-3632 

4-1301 

•9801 

'3212 

•1291 

31-3632 

23 

34-2792 

4  5141 

1-0712 

•3510 

•1411 

34-2792 

24 

37-3248 

4-9152 

1-1664 

•3822 

•1536 

37-3248 

25 

40-50 

5-3333 

1-2656 

•4147 

'1667 

40-50 

26 

43-8048 

5-7685 

1-3689 

•4486 

•1803 

43-8048 

27 

47-2392 

6-2208 

1-4762 

•4837 

-1944 

47-2392 

28 

50-8032 

6-6901 

1-5876 

•5202 

•2091 

50-8032 

29 

54-4968 

7-1765 

1-7030 

•5580 

-2243 

54-4968 

80 

58-32 

7-68 

1-8225 

•5972 

•2400 

58-32 

For  special  cases,  modify  the  discharge  bj  a  co-efficient  (c)  before 
applying  it,  to  find  the  head  necessary. 


XXXUl 


TABLE  VIII.— Part  '6— continued. 


Cylindricsal  Sewers  or  Tunnels.     Head  for  a  length  of  100  feet. 


1 

For  dis- 

For diameters  in 

feet. 

'  nnm- 
to  be 
ed   by 
r  other 
etert. 

charges  in 

|C;'gf| 

cabic  feet 

3 

4 

5 

6 

7 

pS  ,2^ns 'o 

per  second. 

^# 

A 

Head  of  water  in 

feet 

1 

•0003 

•00006 

-00002 

•000008 

•000004 

•06 

2 

•0011 

•  -00025 

-00008 

•000033 

•000015 

•26 

3 

•0024 

•00057 

.00018 

•000075 

•000035 

•58 

4 

•0043 

•00101 

•00033 

•000133 

•000062 

1-04 

5 

•0067 

•00158 

•00052 

•000208 

•000096 

162 

6 

•0096 

•00228 

•00074 

•000300 

•000139 

2-33 

7 

•0131 

•00310 

•00102 

•000408 

•000189 

3-18 

8 

•0167 

•00405 

•00133 

-000533 

-000247 

415 

9 

•0216 

•00513 

•00168 

-000675 

•000312 

5-25 

10 

•0267 

•00633 

.00207 

•000833 

•000386 

6-48 

15 

•0600 

•01424 

•00466 

•001875 

•000868 

14-58 

20 

•1067 

•02531 

•00829 

•008333 

•001542 

2592 

25 

•1667 

•03955 

•01296 

•005208 

•002410 

40-50 

80 

•2400 

•05695 

•01866 

•007500 

•003470 

58^32 

85 

•3267 

•07752 

•0254,0 

•010208 

•004723 

79-38 

40 

•4267 

•10132 

•03318 

•013333 

•006169 

103-68 

45 

•5400 

•12815 

•04199 

•016875 

•007875 

13122 

50 

-eGCy? 

•15823 

•05184 

•020833 

•009639 

162-00 

55 

•8067 

•19143 

•06273 

•025208 

•011663 

196^02 

60 

•9600 

•22781 

•07465 

-030000 

-013880 

233-28 

65 

1^1267 

•26736 

•08761 

-035208 

•016289 

273.78 

70 

13067 

•31008 

•10161 

•030833 

•018892 

317-52 

75 

1-5000 

•35596 

•11664 

•046875 

•021687 

364-50 

80 

1-6678 

•40500 

•13271 

•053333 

•024675 

414-72 

85 

1-9267 

•45721 

•14982 

•060208 

•027856 

468-18 

90 

2-1600 

•51258 

•16796 

•067500 

•031230 

524-88 

95 

2-4067 

•57112 

•18714 

•075208 

•034796 

584^82 

100 

2-6607 

•63281 

•20736 

•083333 

•038555 

648^ 

200 

10^6667 

2-53120 

1*82944 

•333338 

•154222 

2592- 

300 

24- 

• 

5-69530 

1-86624 

.750000 

•346998 

5832- 

For  spe 

o.nmlvi'nflf  l 

cial  cases, 
f .  tn  find  i 

,  modify  ihe  discharge  by  a  cb-efifioisat 
he  head  neoesaarv. 

(c\>Q«JUst» 

d'L 
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EXPLAKATORT  EXAlfPLES  TO   TaBLE  YIII. 

Example  1.  What  is  the  discharge  of  an  enamelled  3-indi  pipe 
having  a  hydraulic  slope  of  1  in  400 ;  and  what  would  be  its  least  foil 
discharge  when  old,  irrespectively  of  sectional  obstmction  ? 

By  Table  YIII.,  Part  1,  the  tabular  discharge  is  '06  cubic  feet  per 
second  ;  and  by  the  Table  of  co-efficients  (Table  XII.,  Part  3),  for  very 
smooth  sur&ces,  including  smooth  plaster,  and  enamelled  or  glazed 
pipes,  the  co-efficient  c  for  a  pipe  having  this  slope  and  a  hydraulio 
radius,  which  for  cylindiical  pipes  running  full  is  one-fourth  of  the 
diameter,  is  '84,  the  discharge  when  new  is  =  '84  x  '06  =  '05  cabio 
feet  per  second. 

If  preferred  in  any  other  unit,  refer  to  Table  XI.,  Part  2,  by  inspect* 
ing  which  we  find  it  ^  18  gallons  per  minute. 

When  the  pipe  is  old  its  surface  will  not  be  rougher  than  that  of 
ordinary  metal,  and  taking  the  co-efficient  for  metal  with  this  slope 
and  radius  to  be  *61,  the  least  discharge  is  =  *61  x  *06  ;=  *037  cubic 
feet  per  second,  or  14  gallons  per  minute. 

Example  2.  A  masonry  culvert  has  a  diameter  of  42  inches,  and  a 
slope  of  I  in  200,  what  is  its  discharge  when  running  full  ? 

By  Part  1,  Table  VIII.,  the  tabular  discharge  is  63'63  cubic  feet  per 
second,  and  the  co-efficient  for  this  slope  and  a  hydraulic  radius  of  '875 
feet  will  according  to  Table  XII.  be  1*10 ;  hence  the  actual  discharge 
will  be  110  X  63-63  =  70  cubic  feet  per  second. 

Example  3.  What  must  be  the  diameter  of  a  cast  iron  pipe  to 
discharge  20  cubic  feet  per  second  with  a  slope  of  one  in  500  ? 

By  Part  2,  Table  VDI.,  the  tabular  diameter  will  be  264  feet  and 
the  hydraulic  radius  *66  feet;  turning  to  the  table  of  co-efficients 
(Table  XII.,  Part  3),  we  take  c  =  1*03:  and  assuming  a  modified 

discharge  2?  b  19*4,  and  referring  again  to  Part  2,  Table  Vm.,  we 
c 

obtain  a  true  diameter  s=  2*62  feet. 

Example  4.  What  should  be  the  dimensions  of  an  ovoidal  brick- 
work sewer  to  discharge  50  cubic  feet  per  second  with  a  slope  of  1  in 
1»000,  the  sewer  flowing  two-thirds  full  ? 

The  co-efficient  to  modify  the  discharge  through  cylindrical  into 


that  for  oToidal  sewers  of  ibe  usual  type  running  two-thirds  Ml  is 

35 
generally  assumed  to  be  =  ^ttt-;^  =  *89 ;  hence  the  first  modification 

39*27 

of  discharge  will  be  *89  x  50  =  44'5 :  using  this  and  referring  to 

Part  2,  Table  YIII.,  we  get  a  first  approximation  to  a  diameter  of  4'19 

feet.     Secondly,  referring  to  the  table  of  co-efficients,  Table  XII.,  we 

obtain  a  co-efficient  c,  corresponding  to  a  hydraulic  radius  of  1'05  and 

a  slope  of  *00I,  =  1'13 ;  and  modifying  the  discharge  a  second  time 

44*5 
it  becomes  =         •  =  39*4  gpiving,  according  to  Part  2,  Table  VIII., 

J.*xO 

3*97  feet  for  the  diameter  of  a  cylindrical  sewer.      Hence  the  dimen- 
sions for  the  corresponding  ovoidal  sewer  will  be 

d     diameter  of  top  circle      =  3*97 

-  diameter  of  bottom  circle  =  1*98 

Sd 

-^    radius  of  each  side  circle    =  5*96 

Q  J 

—  depth  of  sewer  ^  5*96 

Example  5.  A  series  of  enamelled  pipes  has  a  total  head  of  30  feet, 
and  consists  of  3600  feet  of  8-inch  pipe,  2100  feet  of  6-inch,  and  600 
feet  of  5-inch ;  required  the  discharge  and  head  necessary  for  each  pipe. 

Assume  any  discharge  as  1  cubic  foot  per  second,  and  obtaining  the 
separate  tabular  heads  due  to  it,  divide  the  total  head  in  the  same 
proportion. 

•4921  X  36  =  17*72  17*72  x  30  -r-  92  =    5*77 

2*0736  X  21  =  43*55  43*55  X  30  -f-  92  =  14-15 

61698  X     6  =  30-95  30  95  x  30  -j-  92  =  10*08 
Total  =  92-22  Total  =  30* 

And  modifying  these  by  the  squares  of  the  suitable  co-efficients,  obtain 
actual  heads  for  a  first  approximation. 

5.77  ^  (.95)«  =    6*41  6*41  X  30  -r-  39*22  =    4*90 

1415  -S-  (-87)'  =  18*62  18*62  x  30  -:-  39*22  =  14*24 

1008  -rr  C84)'  =  1419  1419  x  30  ^  39-22  =  10*86 

Total  =  39-22  Total  =  30* 

1   x  v'SO 

and  the  discharge  = — —  =  '57  cubic  feet  per  second  s  213  gal- 

v^92 

Ions  per  minute. 
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Example  6.  A  discharge  of  300  gallons  per  minate  19  reqnixed 
through  a  series  of  ordinary  iron  pipes  composed  of  800  yards  of 
7-inch,  300  yards  of  6-inch,  and  100  yards  of  5-inch ;  what  is  ihd 
head  required  for  each  pipe  P 

By  Tables  of  equivalents  (Part  2,  Table  XI.),  300  gals,  per  minate 
z=  *8  cubic  feet  per  second,  and  the  corresponding  tabular  heads  in 
Part  3,  Table  YIII.,  can  be  taken  as  a  first  approximation,  and 
modifying  these  by  the  squares  of  the  suitable  co-efficients  given  in 
Table  XII.  we  get  the  true  heads  thus : — 

Length.  Head.  True  Heads. 

7  inch    -6140  x  24  =  1474  1474  H-  ('66^  =  83-50 

6  inch  1-3271  x     9  =  11*94  1194  -r-  (•63)«  =  29-85 
5  inch  3-3023  x    3  =    991  991  -^  (-61)*  =  26  78 

36-59  feet.  Total  90*13  feet. 


\- 
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TABLE  EX. 

GKves  velocitdes  of  discharge  in  feet  per  second  for  slnioes,  and 
orifices,  due  to  various  heads  for  certain  co-e£Bicients,  also  theoretical 
velocities  to  which  any  co-efficient  may  be  applied ;  being  an  applica- 
tion of  the  formula 

V  =  m  X  8-025  •H. 

where  for  orifices  H  =s  depth  of  centre  of  motion  of  orifice. 

The  same  table  also  applies  to  overfalls,  weirs,  and  notches,  but  in 
this  case  nsing  the  same  general  formula,  H  is  the  depth  from  still 
water  to  sill-level,  and  the  velocities  given  in  the  table  must  be  reduced 
by  one-third  to  obtain  velocities  of  discharge  for  all  sorts  of  overfallB* 

For  values  of  (m)  the  co-efficient,  see  Parts  5  and  6,  Table  XII. 

This  table  can  also  be  used  for  the  converse  purpose. 


T 

I 


<A 
<f2 
-03 
04 
•05 
•06 
•07 
-06 
•09 

•1 
•2 
•3 

'4 
•5 
•6 
7 
•8 
•9 

1 


-MS 
1135 
1-990 
1-605 
1-794 
1-966 
2123 
2-270 
2'40e 

2-538 
3-589 
4305 
5-076 
5-675 
0.216 
6-714 
M78 
7-618 

8'025 


v; 

1-oei 

1-251 
1-445 

i-ei5 

1-769 
1^11 
2i>43 
2167 

2-284 
3230 
3-956 
4-568 
5-108 
5-594 
6043 
6-460 
6-852 

7-223 


90B 
1-112 
1-284 
1-435 
1-573 
1-698 
1-816 
1-926 

2-030 
2-871 
3-616 
4K)60 
4-540 
4-973 
5-371 
6-742 
6090 

6-420 


-54S2 

-48S 

-794 

-681 

-973 

•834 

1-123 

-963 

1-256 

1-076 

1-376 

1-180 

1-486 

1-274 

1-589 

1362 

1-686 

1-445 

1-777 

1-523 

2-512 

2153 

3078 

2-637 

3-653 

3-045 

3-973 

3-405 

4-351 

3-730 

4-700 

4-028 

5-025 

4-307 

5-329 

4-568 

5-618 

4-815 

-401 


-808 
•897 


1-062 
1-135 
1-204 

1-269 
1*794 
2-198 
2-538 
2-837 
3-108 
3-362 
3-689 
3-807 

4-013 


N»£, — For  orerfalLi,  redaoe  tho  tabular  velooitj  by  one-third. 


TABLE  IX. 


1 

CO-EFFICIENTS. 

Head  in 
feet. 

For  wide 

bridge- 

qpeningB. 

For  lock 
slaices. 

For  special 
wein. 

For  weirs 
generally. 

For  orifices 
generally. 

Forspedal 
wein. 

•96 

-84 

-727 

-666 

•62 

•55 

Velodties  of  Disobaige. 

•01 

•770 

•674 

•584 

-536 

•498 

•441 

•02 

1-089 

•958 

•825 

-756 

•704 

-624 

•03 

1-334 

1-168 

1-011 

-926 

-862 

-765 

•04 

1-641 

1-348 

1-167 

1-069 

•995 

•883 

•05 

1-722 

1-507 

1-304 

1-186 

1112 

•987 

•06 

1-887 

1-651 

1-429 

1-309 

1-219 

1-081 

•07 

2-038 

1-783 

1-543 

1-414 

1-316 

1-169 

•08 

2-179 

1-907 

1-650 

1-512 

1-407 

1-249 

•09 

2-311 

2-023 

1-751 

1^604 

1-493 

1-324 

•1 

2-436 

2-132 

1-845 

1^690 

1-574 

1-396 

•2 

3-445 

3-014 

2-609 

2-390 

2-225 

1-973 

•3 

4-219 

3-694 

3195 

2-927 

2-725 

2-418 

•4 

4-872 

4^264 

3-689 

3-380 

3-147 

2-792 

•5 

5-448 

4-768 

4126 

3-780 

3-619 

3-121 

•6 

5-968 

5-221 

4^519 

4-140 

3-854 

3-419 

•7 

6-445 

5-640 

4-881 

4-471 

4-163 

3-687 

•8 

6-890 

6-030 

5-218 

4-781 

4-460 

3-948 

•9 

7-308 

6-395 

5-535 

6-070 

4-720 

4-187 

1 

7-704 

6-742 

5-834 

5-345 

4-976 

4-414 

N.B. — For  OYerfallBi  reduce  the  tabular  velocity  by  one-ihis6^ 


TABLE  IX.— continued. 


bet. 

CO-BPFICIBKTS. 

For  attanl 
TdocLtj. 

For  D»iToi> 

For 
velodtj  ol 

>tpr«cb. 

-r- 

Fo[*ped>l 

Forbnbl- 

CTMUd 

duna. 

1 

■9 

■8 

•7 

•6 

-5 

Velociaa.  of  DunlurKe. 

1- 

80250 

7-223 

6-420 

5-618 

4-815 

4-013 

1-25 

8-9722 

8-075 

7178 

6-281 

6-383 

4-486 

1-5 

9-8286 

8-846 

7-863 

6-880 

5-897 

*915 

1-75 

10-6161 

9-554 

8-493 

7-431 

6-370 

5-308 

2- 

11-3491 

10-214 

9-079 

7-944 

0-809 

5-675 

2-25 

12-0375 

10-834 

9-630 

8-426 

7-223 

0019 

2-6 

12-G886 

11-420 

10-151 

8-882 

7-613 

6-346 

2-75 

133079 

11-977 

10-646 

9-310 

7-985 

6«54 

3- 

13-8997 

12-510 

11120 

9-730 

8-340 

6-950 

3-25 

14-4678 

13-020 

11-574 

10127 

8-680 

7-234 

3-5 

15-0134 

13-512 

12-010 

10-509 

9-008 

7-507 

3-?5 

lC-5403 

13986 

12-432 

10-878 

9-324 

7-770 

4- 

16-0500 

144*6 

12-840 

11-235 

9-630 

8-025 

■1-25 

16-5439 

14-890 

13-235 

11-581 

9-926 

8-272 

4-5 

17-0235 

15-322 

13-019 

11-916 

10-214 

8-512 

4-75 

17-4901 

15-741 

13-992 

12-243 

10-494 

8-745 

5- 

17'9444 

16-150 

14-355 

12-561 

10767 

8-972 

5-25 

18-3876 

16-549 

14-710 

12-871 

11033 

9-194 

£■5 

18-8203 

16-938 

15056 

13-174 

11-292 

9-410 

5-75 

19-2433 

17-319 

15395 

13-470 

ll-5« 

9-622 

G' 

19-6572 

17-691 

15-7-20 

13  760 

11794 

9.829 

C-25 

20-0625 

18-057 

16050 

14-044 

12038 

10-032 

65 

20-4598 

18-414 

16-308 

14-322 

12276 

10-230 

675 

20-8496 

18-765 

16680 

14-596 

12-510 

10-425 

7- 

21-2322 

19109 

16-986 

14-863 

12-739 

10-616 

7-25 

21-6079 

19-447 

17-286 

15-120 

12-965 

10-804 

75 

21-9774 

19-779 

17-582 

15-384 

13-186 

10-989 

7-75 

22  3406 

20-107 

17-873 

15-638 

13-404 

11-171 

8- 

22-6981 

20-428 

18-158 

15-889 

13-619 

11-349 

jV.A — For  oTerfitUs,  rednc«  the  tabular  vdocit;  by  one-thirtl. 


TABLE  IK.— continued. 
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CO-EFFICIENTS. 

Head  in 

For  wide 

bridgo- 

openings. 

For  look 

For  special 

For  weirs 

For  orifices 

For  special 

feet. 

■iuicea. 

weira. 

generally. 

generally. 

orifioes. 

•96 

•84 

•727 

•666 

-62 

-65 

Velocities  oi 

:  Disehaige. 

• 

1 

7^704 

6-741 

6-836 

5-345 

4-975 

4-413 

1-25 

8-614 

7-637 

6-626 

6-976 

5-562 

4-934 

1-60 

9-436 

8  266 

7-147 

6*546 

6-109 

5-420 

176 

10-192 

8-918 

7-720 

7-071 

6-582 

5-839 

2 

10-895 

9-633 

8-263 

7-558 

6-936 

6-241 

2-25 

11-666 

10112 

8-764 

8017 

7-461 

6-621 

2-60 

12181 

10-669 

9-227 

8-461 

7-867 

6-978 

2-76 

12776 

11179 

9-678 

8-863 

8  261 

7-319 

3 

13-344 

11-676 

10108 

9-257 

8-618 

7-645 

3-26 

13889 

12-153 

10-621 

9-685 

8-825 

7-967 

3-50 

14-413 

12-612 

10-918 

9-999 

9-308 

8-268 

3-76 

14-919 

13054 

11-301 

10-350 

9-635 

8-547 

4 

15-408 

13-482 

11-672 

10-689 

9-951 

8-827 

4-25 

15-882 

13-897 

12027 

11-018 

30-257 

9-099 

4*50 

16-343 

14-300 

12-380 

11-338 

10-664 

9-363 

475 

16-800 

14  696 

12-718 

11-651 

10-846 

9-622 

5 

17-227 

15074 

13-049 

11-962 

11-121 

9-865 

525 

17-662 

15-446 

13-372 

12247 

11-400 

10113 

5-60 

18068 

16-809 

13-686 

12-534 

11-669 

10-351 

576 

18-474 

16-166 

13-994 

12-817 

11-931 

10  684 

6 

18-871 

16-612 

14-296 

13-092 

12188 

10-812 

6-25 

19-260 

16-853 

14-690 

13-362 

12-439 

11-034 

6-50 

19642 

17-187 

14-879 

13-627 

12-686 

11-253 

675 

20^016 

17-614 

15-162 

13-866 

12927 

11-467 

7 

20-383 

17-836 

16-440 

14141 

13-164 

11-688 

7-25 

20-744 

1 8^161 

15-714 

14-391 

13402 

11-889 

7-50 

21*099 

18-461 

15-982 

14-637 

13-626 

12-082 

775 

21447 

18-767 

16-246 

14-879 

13-861 

ff 

12-287 

8 

21-791 

19  067 

16-506 

15-117 

14-073 

12-484 

N^.B. — For  overfallB,  reduce  the  tabular  velocity  by  ou^^ibic^. 
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TABLE  IX.'-eotUinued. 


C0-BFFICIBNT3, 

Head  in 

For  nalnnl 

For  narrow 

faridge- 

openingB. 

For  yelodty 

Porapedal 

Forapecial 

For  broad* 
oiijitad 

fbek 

Tdodty. 

ofH^praaeh. 

wein. 

otifieea. 

dama. 

1 

•9 

•8 

7 

•6 

•5 

VelodtiM  of  I 

)iaehazge. 

8-25 

23051 

20-746 

18-441 

16-135 

13-831 

11-625 

850 

23-397 

21-057 

18-717 

16-377 

14-032 

11-698 

875 

23739 

21-366 

18-992 

16-617 

14-243 

11-869 

9 

24076 

21-668 

19-261 

16-863 

14-445 

12-088 

9-25 

24-408 

21-966 

19-526 

17-085 

14-645 

12-204 

9-50 

24735 

22-261 

19-788 

17316 

14-841 

12-367 

975 

25-059 

22-553 

20-047 

17-541 

15-086 

12-529 

10 

26-378 

22-840 

20302 

17-764 

15-227 

12  689 

10-5 

26005 

23*404 

20-804 

18-203 

15-603 

13-002 

11 

26-617 

23-955 

21-293 

18-631 

15-970 

13-308 

11-5 

27-215 

24-493 

21  772 

19050 

16-329 

13-607 

12 

27-800 

25-020 

22-240 

19-460 

16-680 

13-900 

12-5 

28-373 

25-535 

22-698 

19-861 

17-024 

14-186 

13 

28-935 

26-041 

23148 

20-254 

17-861 

14-467 

13-5 

29-486 

26-545 

23-596 

20-646 

17-697 

14  747 

14 

30027 

27-024 

24021 

21019 

18016 

16-013 

14-5 

30-659 

27-503 

24-447 

21-391 

18-335 

16-279 

15 

31081 

27-973 

24-864 

21-756 

18*648 

15-540 

15-5 

31-594 

28-434 

25-275 

22-115 

18-956 

15-797 

16 

32-101 

28-891 

25-681 

22-470 

19-261 

16-050 

16-5 

32-598 

29-338 

26078 

22-818 

19-555 

16-299 

17 

33089 

29-780 

26-471 

23-162 

19-853 

16-644 

17-5 

33-572 

30-214 

26-857 

23-500 

20-143 

16-786 

18 

34048 

30-643 

27-238 

23-833 

20-429 

17024 

18-5 

34-518 

31-066 

27-614 

24162 

20-711 

17-259 

19 

34981 

31-483 

27-985 

24-486 

20-988 

17-490 

19-5 

35-438 

31-894 

28-360 

24-806 

21-283 

17-719 

20 

35-889 

32.300 

29-711 

25122 

21-533 

17-944 

N.B, — For  overfalls,  reduce  the  tabular  velocity  by  one-third. 
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CO-EFFIOIKNTS. 

Head  in 

For  wide 
bridge- 
openings. 

For  lock 

For  special 

For  weirs    1 

^or  orifices 

Por  special 

feet. 

filuices. 

weirs. 

generally. 

generally. 

weirs. 

•96 

* 

•84 

•727 

•366 

•62- 

-55 

Velocities  of  Dischaige. 

8^26 

22129 

19-362 

16-762 

15-352 

14-292 

12-677 

8-50 

22-461 

19654 

17014 

15-582 

14-506 

12-867 

8-75 

22-789 

19-941 

17-268 

15-810 

14-718 

13056 

9 

28112 

20-228 

17-508 

16-034 

14-927 

13242 

925 

23-4:31 

20-502 

17-749 

16-256 

15-133 

13-424 

9-50 

23-746 

20-778 

17-987 

16-473 

15-336 

13-604 

9-75 

24056 

28-049 

88-223 

16-689 

15-536 

13-782 

10 

24-363 

21-317 

18^455 

16-902 

15-784 

13-958 

10-5 

24-964 

21-844 

18-910 

17-112 

16-123 

14-302 

11 

25-552 

22-358 

19355 

17-727 

16-502 

14-639 

US 

26-126 

22-860 

19-791 

18-125 

16-873 

14-968 

12 

26-688 

23-352 

20-216 

18-515 

17-236 

15-290 

12-5 

27-238 

23-834 

20-633 

18^897 

17591 

15-605 

13 

27-778 

24-306 

21-042 

19-271 

17940 

15914 

13-5 

28-307 

24-769 

21-442 

19-637 

18-287 

16-222 

14 

28-826 

25-223 

21-836 

19-998 

18-617 

16  614 

14-5 

29-337 

25-670 

22-222 

20-352 

18-946 

16-807 

16 

29838 

26-108 

22-602 

20-700 

19-270 

17-094 

15-5 

30-331 

26-540 

22-976 

21042 

19-588 

17-377 

16 

30-817 

26-965 

23-344 

21-379 

19-903 

17-656 

16^5 

31-294 

27-388 

23-706 

21711 

20-207 

17-929 

17 

31-765 

27-794 

24-062 

22  087 

20-515 

18-198 

17-5 

32-229 

28-200 

24-413 

22-358 

20-815 

18-466 

18 

32-686 

28-600 

24-760 

22-676 

21-110 

18-726 

18-5 

83137 

28-995 

25-101 

22-988 

21-391 

18-985 

19 

33582 

29-384 

25-438 

23-298 

21-688 

19-239 

19-5 

34021 

29-768 

25-771 

23-602 

21-991 

19-491 

20 

34-454 

80-147 

26-091 

23-902 

22-251 

19-739 

N'.B. — For  overfiBdlSy  rednoe  the  tabular  velocity  by  one-third. 
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TABLE  IX.'-eantinued. 


COEPPICIBNTS. 

For  nataral 

For  narrow 

For  velocity 

For  special 

For  special 

Forlnoiid. 

Head  in 
feet. 

velocity. 

bridges. 

of  approach. 

weirs. 

orifices. 

dams. 

1 

-9 

> 

-8 

•7 

• 

•6 

•5 

Velocities  of  Diachaige. 

20-5 

36-336 

32-702 

29068 

25-485 

21801 

18168 

21 

36776 

33-098 

29  420 

25-743 

22-066 

18-388 

21-5 

37-211 

33-490 

29-768 

26-047 

22-327 

18-605 

22 

37-641 

33-877 

30-112 

26-348 

22-585 

18-820 

22-5 

38067 

34-260 

80-453 

26-646 

22-840 

19-033 

23 

38-487 

34-647 

30-797 

26-943 

23-098 

19-298 

23-5 

38-903 

35012 

31122 

27-232 

23-342 

19-451 

24 

39-315 

35-383 

31-452 

27-520 

23-589 

19-657 

24-5 

39-723 

35-750 

31-778 

27-806 

23-834 

19-861 

25 

40-126 

36-113 

32-100 

28-088 

24-075 

20063 

25-5 

40-525 

36-472 

32-420 

28-367 

24-315 

20-262 

26 

40-921 

36379 

32  737 

28-644 

24-553 

20-460 

26-5 

41-312 

37-180 

33049 

28-918 

24-787 

20-656 

27 

41-700 

37-530 

33-360 

29-190 

25020 

20-850 

27-5 

42-084 

37-875 

33-667 

29-458 

25-250 

21-042 

28 

42-465 

38-218 

33  972 

29-725 

25-479 

21-282 

28-5 

42-843 

38-558 

34-275 

29-990 

25-706 

21-421 

29 

43-216 

38-890 

34-569 

30-248 

25-927 

21-606 

29-5 

43-588 

39-229 

34-870 

30-511 

26-153 

21-794 

80 

43-956 

39-560 

35-164 

30-779 

26-374 

21-978 

30-5 

44-320 

39-888 

35-456 

31024 

26-592 

22-160 

81 

44-682 

40213 

35-745 

31-277 

26-809 

22-340 

31-5 

45-041 

40-537 

36032 

31-528 

27-025 

22-520 

32 

45-397 

40-857 

36-317 

31-778 

27-238 

22698 

32-6 

45-751 

41-176 

36-601 

32  025 

27-451 

22-875 

33 

46-101 

41-491 

36-880 

32-270 

27-660 

23-050 

33-5 

46-449 

41-804 

37-159 

32-514 

27-869 

23-224 

34 

46-794 

42-114 

37-435 

32-755 

28076 

23-397 

34-5 

47-137 

42  423 

37-709 

32-996 

28-282 

23-568 

35 

47-478 

42-730 

37-982 

83-234 

28-487 

23-739 

N,B, — For  overfiiJls,  reduce  the  tabular  velocity  by  one-third. 


TABLE   IX.— continued. 


C0-BFFICIENT3. 

For  Hide 

He^Jin 

bridge- 

For  lock 

ForBpedal 

For  ««iTB 

For  oriGcea 

feet. 

openings. 

sluices. 

wcim. 

ge«™llr. 

genenJly. 

»eir». 

■96 

■84 

■727 

■666 

-62 

■55 

Veloe 

20-6 

34'882 

30-522 

26-423 

24-199 

22-528 

19-985 

21 

35305 

30  892 

26-737 

24-493 

22-701 

20-227 

21-5 

85-723 

31-257 

27-060 

24-783 

22971 

20-465 

22 

36-136 

31-619 

27-373 

25-069 

23-337 

20-702 

22-5 

36-544 

31-976 

27-6H2 

25-353 

23-601 

20-936 

23 

36-948 

32-329 

27-988 

25-633 

23-868 

21-228 

23-5 

37-347 

32-679 

28-291 

25-910 

-J4-120 

21-396 

24 

37-743 

33-025 

28-590 

26-184 

24-375 

21-623 

24-5 

38-134 

33.367 

28-886 

26-455 

24-628 

21-847 

25 

38521 

33-706 

29180 

23-72i 

24-878 

22  069 

25-5 

38-904 

34-041 

29-470 

26990 

25-125 

22-288 

26 

39-284 

34-373 

29-757 

27-253 

25371 

22-506 

2G-5 

39-660 

34-702 

300*2 

27-514 

25-613 

22-722 

27 

40032 

35-028 

30-324 

27-761 

25-854 

22-935 

27-5 

40-401 

35-351 

30-601 

28-028 

26  092 

23-14* 

28 

40-767 

35-671 

30-881 

28-282 

26-328 

23-355 

28-5 

41-129 

35-988 

31155 

28-633 

26-563 

23-663 

29 

41-488 

36-302 

31-427 

28-782 

26-891 

23-766 

29-5 

41-844 

36614 

31-697 

29-029 

27024 

23-973 

30 

42-197 

36-923 

31-956 

29  274 

27-253 

24-176 

30-5 

42-548 

37-229 

32-230 

29-517 

27-478 

24-376 

31 

42-895 

37-533 

32-493 

29-758 

27-703 

24-574 

31-5 

43-240 

37-835 

32-754 

29-997 

27-925 

24-772 

32 

43-681 

38-134 

33-013 

80-234 

28-146 

24-968 

32-5 

43-920 

38-430 

33-270 

30-470 

28-365 

25162 

33 

44-257 

38-725 

33-525 

30-703 

28-582 

25-355 

33-5 

44-591 

39-017 

33-778 

30-935 

28-798 

25-516 

34 

44-923 

39-307 

34-029 

31-165 

29-012 

25-737 

34-5 

45-252 

39.595 

ai-278 

31-393 

29-225 

25-925 

35 

45-578 

39-881 

34-526 

31-620 

29-436 

26-113 

If.B. — Tot  oTflT&lU,  ndnoe  the  tobnkr  velocity  by  o&e-tlusd.. 
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Explanatory  Examples  to  Table  IX. 

Example  1. 

An  orifice  6  inches  in  diameter,  has  its  centre  under  a  head  of  5 
feet  of  water ;  required  its  disch^ge. 

For  a  drcnlar  orifice  using  *62  for  a  co-efficient,  the  velociiy  of 
discharge  is  11*121  feet  per  second,  and  the  sectional  area,  according 
to  Part  7,  Table  XH.,  being  '1963,  the  discharge  =  -1963  x  11-121  := 
2*1836  cubic  feet  per  second. 


Example  2. 

A  rectangular  orifice  is  8  inches  broad  and  4  inches  deep,  and  is 
under  a  head  of  4  feet  3  inches ;  required  its  discharge. 

Since  the  breadth  is  greater  than  the  depth,  a  special  oo-effioient  ia 
required  {See  Go-efficients  in  Table  XII.). 

Mere— =    .-^g  =  7  approximately,  and  jj- =  :gg  = -6. 

These  require  a  co-efficient  *612,  which  must  hence  be  applied  to  the 
tabular  discharge  for  natural  velocity  due  to  the  co-efficient  1*00  .'. 
the  discharge  =  16*544  x  *22  x  -612  =  2*227  cubic  feet  per  second. 


Example  3. 

The  Ml  of  water  through  a  bridge,  having  a  sectional  area  of  500 
square  feet,  is  -05  feet ;  required  the  discharge. 

Take  *96  as  a  co-efficient  for  a  wide  opening,  and  we  get  the 
discharge  =  1*758  X  500  =  879  cubic  feet  per  second. 


Example  4. 

The  difference  of  level  between  the  upper  and  lower  ponds  of  a 
canal  is  6  feet,  and  the  communicating  sluice  is  2  feet  square; 
required  its  discharge. 
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Using  the  co-efficient  *84  and  height  6, 
the  discharge  is  16*512  x  4  ==  66048  cubic  feet  per  second. 

The  effective  head  gradually  decreasing,  the  mean  discharge  doe  to 
the  height  is  33*024  cubic  feet  per  second. 

If  the  lock  is  60  long  and  20  broad,  it  will  hold  7,200  cubic  feet  of 
water,  and  at  the  above  rate  will  be  filled  in  218  seconds,  or  about 
three  minutes  and  a  half. 

Example  5.  Required  the  diameter  of  a  vertical  pipe  to  discharge  2 
cubic  feet  per  second  from  a  reservoir  under  a  head  of  30  feet. 

Using  the  co-efficient  *84,  we  obtain  firom  the  Table  36*923  as  velo- 
city of  discharge. 

2' 
The  section  will  then  =  oa.qo^  ^  05417  square  feet, 

which  will  require  a  diameter  of  3i,  or  practically,  4  inches. 


Example  6.  Required  the  length  of  a  weir  to  discharge  5696  cubic 
feet  per  second,  at  a  depth  or  head  from  still  water  to  sill  of  4  feet. 

With  a  co-efficient  *666y  the  tabular  velocity  of  discharge  is  10*689, 
from  which  one-third  has  to  be  deducted  to  obtain  the  mean  velocity 
of  discharge  over  a  weir. 

Hence  V  =  10*689  —  3-663  =  7*126  feet  per  second, 
and  the  section   =  y.-top  ^  iiearly  ^00  feet ; 

hence  the  length  =  —^ — rr  =  nearly  200  feet. 

Example  7.  A  river  passes  over  a  drowned  weir :  the  upper  level 
of  water  is  3  feet  above  the  lower  level,  and  is  4  feet  above  the  sill  of 
the  weir,  which  is  100  feet  long ;  required  the  discharge. 

The  upper  portion  may  be  considered  as  a  simple  over&ll  with  a 
head  H  =  3,  and  with  a  co-efficient  '66(j :  the  lower  portion  as  an 
orifice,  with  the  same  head,  but  a  co-efficient  *62. 

According  to  the  Table  the  velocity  of  discharge  for  the  one  is 
9-257  —  3086  =  6*171  feet  per  second ;  and  that  for  the  other  is 
8*618  feet  per  second.    Hence  the  discharge : 

=  50  (6-171  X  3  +  8-618  x  1)  =s  60  x  27131 
=  1366  cubic  feet  per  second. 
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ExAMPLB  8.  It  is  required  to  raise  the  npper  poHaoQ  of  a  m«r  1*5 
feet  by  means  of  a  drowned  weir  across  it.  The  river  has  a  diaoihaigs 
of  812  cnbic  feet  per  second,  and  a  width  of  70  feet;  what  must  be  the 
height  of  the  dam — Ist,  neglecting  velocity  of  approach ;  2ndy  tikiii^ 
it  at  2*5  feet  per  second  P 

1st.    Let  d  =  depth  of  sill  of  dam  below  the  lower  water. 

Then  V  =  velocity  of  upper  portion,  or  true  over&ll ; 

=s  \  velocity  for  head  1*5  to  a  co-eflEicient  ^^^^ ; 

=  4*364  feet  per  second  (from  Table)  ; 
and  V*  =  velocity  of  lower  portion  of  orifice ; 

=s  velocity  for  a  head  1*5  to  a  co-efficient  *62 ; 

=  6*109  feet  per  second  (from  Table). 
Then  the  total  discharge  812,  is  as  in  the  last  Example 

=  70|v  X  1-6  +  V»  X  j]  =  70(6-646  +  i  X  6-109) 

5*054 
hence  d  =  ^r^  es  -827  feet. 

2nd.  Taking  into  consideration  the  velocity  of  approach  and  modi- 
fying the  co-efficients  {vide  Table  XII.)  accordingly. 

The  head  due  to  velocity  of  approach  2*5  feet  per  second,  for  a  co- 
efficient '8,  is  from  Table  IX.  about  -15  feet. 

Hence  the  modified  co-efficient  for  overfall  will  be 

=  -666  I  (1-)^  —  (1)*  I   =  -745 

and  the  modified  co-efficient  for  orifice  will  be 

rn  ^    ^1  +  ^1  =  w>/  1-1  =  -62  X  1*049  =  -648 

Making  use  of  these  two  co-efficients  instead  of  '666  and  -62  as  in 
the  first  portion  of  the  Example,  we  obtain  other  values. 

V  =  4-894;  and  V  »=  6*385 

henceSif  =  lie  =  1-5  V  +  dY*  =  7-341  +  d  x  6-385 
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BENDS  AND  OBSTRUCTIONS. 


TABLE  X. 

Part  I.-^Giying  loss  of  head  in  feet  due  to  bends  in  pipes  oorre> 
sponding  to  certain  discharges.— (Weisbach  formula.) 

Past  IL-^Giving  loss  of  head  due  to  bends  in  rivers  corresponding 
to  certain  velocities.— (Mississippi  formnla.) 

Pabt  m. — Giving  approximate  rise  of  water  in  feet  dne  to 
obstructions,  bridges,  weirs,  Ac.: — (the  whole  section  of  water 
being  =  1),  and  corresponding  to  certain  velocities.  —  (Dnbnat 
formnla.) 
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TABLE  X.— Parts  2  and  3. 
Part  2. — Bends  of  Rivers.     (Mississippi  formula.) 


ties 
econd. 

For  deflections  of 

V 

5    ■ 

10° 

20"^ 

30°             60° 

90° 

180° 

For 
in  feet 

n 
2 

n              2n 

3n 

6d 

Loss  of  head  in  feet. 

1 

•0006 

•0009 

•0019 

•0037 

•0096 

•0112 

2 

•0025 

•0037 

•0075 

•0149 

•0234 

•0448 

3 

•0056 

1 

•0084 

•0168 

•0336 

•0503 

•1007 

4 

•0099 

•0149 

•0298. 

•0597 

•0895 

•1790 

5 

•0155 

•0233 

•0466 

•0933 

•1399 

•2798 

6 

•0224 

•0335 

•0671 

•1343 

•2014 

•4028 

7 

•0305 

•0457 

•0914 

•1827 

•2741 

•5483 

8 

•0398 

•0596 

•1194 

•2387 

•3581 

•7162 

9 

•0503 

•0755 

•1511 

•3021 

•4532 

•9064 

10 

0622 

•0933 

•1865 

•3730 

•5592 

11190 

Part 


IS 

V   S   g 
^         § 

Be* 


3.— Obstnictioiis  (Dabuat  formula)  when  the  hydraulic 

slope  is  less  than  'OOl. 

For  percentages  of  obstmction  to  whole  channel  section. 
•1  2  -3  '4i  5  6 


1 
2 
3 
4 


5 


6 
7 
8 
9 
10 


•004 

Rise 
•009 

resulting  ii 

•018 

1  feet. 
•031 

•051 

•015 

•034 

•070 

•120 

•203 

•035 

•085 

•158 

•270 

•456 

•062 

•150 

•282 

•480 

•811 

•097 

•236 

•439 

•752 

1267 

•140 

•341 

•634 

1080 

1^824 

•191 

•463 

•862 

1-470 

2^484 

•249 

•602 

1^126 

1^920 

3-245 

•315 

•766 

1^426 

2  430 

4^107 

•389 

•956 

1*758 

3-008 

5-070 

•089 
•355 
•798 
1-419 
2-218 
3193 
4346 
5^677 
7-185 
8-872 


\ 
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EXPLAHATOBT  EXAMPLBS  TO  TaBLB  X. 

Example  1.  A  series  of  pipes  have  to  discbarge  5  galloiui  per 
second ;  there  are  7  bends  in  the  portion  that  conmsts  of  5-inicli 
pipe,  4  in  that  of  6-inch  pipe,  and  8  in  that  of  7-inch  pipe ;  what  is 
the  total  loss  of  head  on  acoonnt  of  these  bends  P 

From  Table  XL    5  gallons  per  second  «s  '8  cnbic  feet  per  second, 

and  taking  the  heads  separately  from  Table  X. 

feet. 

7  bends  in  5  inch  give  7  X  *045  =  '315 

4     „      „  6    „      „    4  X  -030  =  -120 

8  >»     >.   7    „      „    8  X  -010  =  080 

Total  loss  of  head  =  *516 

The  head  on  the  pipes  most  therefore  not  only  be  sufficient  to  force 
'8  cubic  feet  per  second  through  the  pipes  nnder  ordinary  conditions, 
bat  must  also  be  increased  by  *515  on  account  of  bends. 

ExAHPLB  2.  A  river  has  one  bend  of  20^  two  of  80°,  and  one  of 
90°,  what  is  the  total  loss  of  head  expended  in  overcoming  these  bends, 
when  the  velocity  is  5  feet  per  second? 

From  Part  2,  Table  Xn. 

1  bend  of  20°  gives  1  X  '0233  =  -0233 

2  „    „  30°    „      2  X  -0466  =  -0932 
1      „    „  90°    „      1  X  -1399  =  1399 

Total  head  expended  =  -2564  feet. 

ExAMPLS  3.  A  river  having  a  hydraulic  slope  less  than  -001  has  its 
section  obstructed  by  the  piers  and  abutments  of  a  bridge  to  the  extent 
of  one-fifbh,  the  normal  velocity  being  3*5  feet  per  second,  what  is  the 
rise  caused  by  the  bridge  ? 

By  Part  3,  Table  XI.,  the  rise  will  be  -12  feet. 

N.B. — For  rivers  having  steeper  gradients,  apply  a  correction 
according  to  the  formula  given  in  the  text. 
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TABLE  XI. 


TABLE   OF  EQUIVALENTS. 


Pabt  ]. — ^Eqnivalent  supply  from  total  quantities. 
2. — Equivalent  discharges. 
3.— Equivalent  velocities. 
4. — Equal  discharging  channels. 
6. — Conversion  tables  for  English  measures. 
6. — Conversion  tables  for  metrical  measures. 
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TABLE  XI.— Paw    1. 

EqmTBfent  Snppfy. 

CoQliiiaoas  snpplr  in  cubic  feet  per  second  into  total  qnantitieB  «iid 

vice  Ters^ 


Total  qoantitj  i& 
cable  feet. 

Ccati&ttLHH  mpply  ia  cmUe  feet  per  aeeQBd. 

For* 

For) 

F«>r6 

* 

For  8 

i    Ford 

For  12 

moDtk*. 

B0Bth9. 

Boatkft. 

■loatltt. 

BOBtht. 

moatlia. 

315  360 

•06 

•04 

i     K)2 

•015 

1 

•013 

•01 

630  720 

•12 

•OS 

1     •<>4 

1    -030 

•026 

•02 

£^6  080 

•18 

i      12 

1     -06 

•045 

•040 

•03 

1261440 

•24 

•16 

•08 

•060 

-053 

•04 

1  576  SOO 

'30 

•20 

•10 

•075 

•066 

•05 

1  892  160 

•36 

•24 

•12 

•090 

•080 

•06 

2  207  520 

•42 

•28 

•14 

•105 

•093 

•07 

2  5-22  880 

•48 

•32 

•i6 

•120 

•106 

•08 

2  838  240 

•54 

•36 

•18 

•135 

•120 

•09 

1  million 

•1903 

•1268 

•0634 

-0476 

•0423 

•031710 

2  millions 

•3805 

•2537 

•1268 

•0851 

-0846 

-063420 

3        „ 

•5708 

•3805 

•1903 

-1427 

•1268 

•095129 

4        „ 

•7610 

•5074 

•2537 

•1902 

•1691 

•126839 

5        „ 

•9513 

•6342 

•3171 

•2378 

•2114 

•158549 

6        „ 

1^1416 

•7610 

•3805 

•2854 

-2537 

•190259 

7        ,, 

1-3318 

-8879 

•4439 

•3119 

•2960 

•221969 

8        „ 

1-5221 

10147 

•5074 

•3405 

•3382 

•253678 

0        „ 

1-7123 

11416 

•5708 

•4280 

•3805 

•285388 

10 

1-9026 

1-268^J 

•6342 

•4756 

•4228 

•317098 

TABLE  XI.— Part  l—continued. 


Equivalent  Supply. 


Continuous  supply  in  cubic  feet  per  second  throughout  a  month  that 
is  equivalent  to  a  certain  number  of  waterings  in  a  month. 


Amoantfi 

given  at 

each  water' 

ing  to 
one  acre. 


Cubic  feet. 

10000 
9000 
8000 
7000 
6000 
5000 
4000 
3000 
2000 
1000 

8640 
7776 
6912 
6048 
5184 
4320 
3456 
2592 
1728 
864 


At  30 

waterings 

per  month. 


At  15 
waterings 
per  month. 


At  10 
waterings 
per  month. 


At  4 
waterings 


At  2 
waterings 


per  month,  per  month. 


Atl 
watering 
per  month. 


•1157 
•1041 
•0926 
•0810 
•0694 
•0579 
•0463 
•0347 
•0231 
•0116 

•1 

^9 
•08 
•07 
1  06 
•05 
•04 
•03 
•02 
•01 


Monthly 

•0579 

•0520 

•0463 

•0405 

•0347 

•0289 

•0231 

•0173 

•0116 

•0058 

•050 
•045 
•040 
•035 
•030 
•025 
•020 
5 
•010 
•005 


•016 


supply  in 
•0386 
•0347 
•0309 
•0271 
•0231 
•0193 
•0154 
•0116 
•0077 
•0039 

•033 
•030 
•027 
023 
•020 
•016 
•013 
•010 
•007 
•003 


cubic  feet  per  second. 


•0154 

•0077 

•0139 

•0069 

•0123 

•0062 

•0108 

•0054 

•0092 

•0046 

•0077 

•0039 

•0062 

•0031 

•0046 

•0023 

•0031 

•0015 

•0015 

•0008 

•013 

•0066 

•012 

•0060 

•Oil 

•0054 

•009 

0046 

•008 

•0040 

•006 

•0032 

•005 

•0026 

•004 

■0020 

•003 

•0014 

•001  i 

1 

•0007 

•0039 
•0035 
•0031 
•0027 
•0023 
•0019 
•0015 
•0011 
•0008 
•0004 

•0033 
•0030 
•0027 
•0023 
•0020 
•0016 
•0013 
.0010 
•0007 
•0003 


N.B. — In  this  table  a  month  of  30  days  is  aA&oxcLfid. 
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TABLE  XI.-.PABT2. 


Equivalent  DiacliargeB. 


Gnbio  feet  per  secondy  per  minute,  and  per  day,  into  Oallans  per 

second,  per  minntei  and  per  daj« 


Per  leooiicl. 

Per  minate. 

Per  dij  of  24  hoiin. 

OaUo   feet 

QaUons. 

Cabio   feet 

Oallona. 

Cable  feet. 

CUlone. 

•01 

•06 

•6 

3-74 

864 

5384 

•02 

•12 

1^2 

7-47 

1728 

10768 

•03 

•19 

1^8 

1121 

2592 

16152 

•04 

•25 

24 

14-95 

8436 

21536 

•05 

•31 

3- 

18-69 

4320 

26920 

•06 

•37 

3-6 

22-43 

5184 

32304 

•07 

•44 

4-2 

26-17 

6048 

87688 

•09 

•5 

4-8 

29-90 

6912 

43072 

•09 

•56 

5-4 

33-64 

7776 

48456 

•1 

•62 

6- 

37-39 

8640 

53844 

•16 

1-04 

10^ 

6232 

14400 

89741 

•33 

2-08 

20^ 

124-64 

28800 

179842 

•5 

3-12 

30- 

186-96 

43200 

269223 

'66 

416 

40- 

249-28 

47600 

358964 

•83 

5-20 

50- 

311-60 

72000 

448704 

1- 

6-23 

60- 

373-92 

86400 

538446 

116 

727 

70^ 

436-24 

100800 

628187 

1-33 

8-31 

80- 

498-56 

115200 

•    717928 

15 

9-35 

90- 

560-88 

129600 

807669 

1-66 

10-39 

100- 

623-20 

144000 

897408 

116 

7-21 

69-4 

432.7 

100000 

• 
623200 

1^93 

14-42 

115^7 

865-4 

200000 

1246400 

3-47 

21G3 

208-3 

1298-1 

300000 

1869600 

4-63 

28-84 

277-7 

1730-8 

400000 

2492800 

5^78 

3605 

346-8 

2163-5 

500000 

3116000 

C-94 

43-26 

416-6 

2596-2 

600000 

3789200 

8-10 

50-47 

486- 

3028-9 

700000 

4362400 

9-2G 

57-68 

555-5 

3461-6 

800000 

4985600 

10-41 

64-89 

624-9 

3894  3 

900000 

5608800 

11-57 

72-10 

094-4 

4327-5 

1  million. 

6232000 

TA3LE  XL— Pabt  2— twnfimM/. 

Equivalent  Dischargee. 

QsUona  per  ucond,  per  minate,  and  per  day,  into  Onbio  feet  per 
Becond,  per  minate,  and  per  day. 


Per  itcoDd. 

Per  nintito. 

Per  daj  of  24  honw. 

ChJIOH. 

Oaliia  ft. 

QiUona, 

Cnbio  ft. 

thOlODB. 

Cahlo  feet. 

•1 

■01 

6 

■96 

8640 

1385 

2 

03 

12 

1-92 

17280 

2772 

3 

05 

18 

2-88 

25920 

4158 

4 

06 

24 

3-84 

34360 

5543 

5 

08 

30 

4-80 

43200 

6929 

6 

09 

36 

5-76 

51840 

8315 

7 

11 

42 

672 

604S0 

9701 

8 

13 

48 

7-G8 

69120 

11087 

9 

14 

54 

8-64 

77760 

12473 

1- 

■10 

60 

9-62 

13858 

•106 

■03 

10 

1-60 

14400 

2310 

■333 

•OS 

20 

321 

28800 

4619 

■5 

■08 

30 

4-81 

43200 

6929 

•666 

•u 

40 

6-42 

57600 

9239 

■833 

•14 

50 

8-02 

72000 

11549 

1- 

•16 

GO 

9-62 

86400 

1385S 

1-166 

■19 

70 

11-23 

100800 

16168 

1333 

•21 

80 

1283 

115200 

18478 

1-5 

■24 

90 

14'44 

129600 

20788 

1-666 

■26 

100 

1604 

144000 

23097 

1^16 

■186 

69-4 

1114 

100000 

1604O 

1^93 

■371 

1157 

222-8 

200000 

32079 

3^47 

■557 

208-3 

334^2 

300000 

48110 

4-63 

-742 

277-7 

445-6 

400000 

64159 

5^78 

■928 

346-8 

566-9 

500000 

80199 

6-9i 

1114 

416-6 

667-3 

600000 

96239 

8-10 

1-299 

486- 

779-7 

700000 

112278 

9-26 

1-485 

555-5 

891-1 

800000 

128318 

10-41 

1-670 

624'9 

1002'5 

900000 

144358 

n-b7 

r856 

694-4 

1113'9 

1  million 

160398 

^ 
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TABLE  XI.— Past  3. 


Equivalent  Yclocities  and  Heads  for  Natural  Velocities. 


Feet  per 
■eoond. 

Feet 

per 

minate. 

Miles  per 
hoar. 

Comdg. 
head  of 
water. 

Feet  per 
teoond. 

Feet 
per 
minute. 

Miles  per 
hoar. 

Comdc. 

hendcf 

witar. 

1 

60 

•6818 

•016 

35 

210 

2-3866 

•191 

1-1 

6(5 

•7500 

•019 

3-6 

216 

-204 

1-2 

72 

•8181 

•023 

37 

222 

•214 

1-3 

78 

•8863 

-026 

38 

228 

•224 

1-4 

84 

•9545 

•031 

39 

234 

•238 

1-5 

90 

1-0238 

•035 

4 

240 

27264 

•250 

1-6 

96 

•040 

41 

246 

•263 

17 

102 

•045 

4-2 

252 

-275 

1-8 

108 

•051 

43 

258 

•289 

1-9 

114 

•056 

4*4 

264 

•303 

2 

120 

1-364 

•063 

4-5 

270 

3-0672 

•317 

21 

126 

•069 

4-6 

276 

•331 

2-2 

132 

•076 

4^7 

282 

•345 

2-3 

138 

•083 

4-8 

288 

•360 

2-4 

144 

•092    . 

4-9 

294 

-375 

2-5 

150 

1-706 

•098 

5 

300 

34091 

•391 

2-6 

156 

•103 

51 

306 

•406 

2-7 

162 

•115 

5-2 

312 

•422 

2-8 

168 

•124 

5-3 

318 

•441 

2-9 

174 

•131 

5^4 

324 

•459 

3 

180 

2-048 

•141 

5-5 

330 

3-7500 

•473 

31 

186 

•151 

5^6 

336 

•495 

3-2 

192 

•160 

5-7 

342 

•508 

3-3 

198 

•170 

5-8 

348 

•523 

3-4 

204 

•180 

5-9 

354 

•544 

3'5 

210 

23866 

•191 

6^ 

360 

4089 

•562  ' 
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TABLE  XI.— Part  S— continued. 


Feet  per 
seoond. 

Feet 
.   per 
minate. 

Miles  per 
hour. 

Corrsdg. 

head  of 

water. 

Feetpei 
second. 

Feet 

per 

minute. 

Corradg. 
Miles  per    head  of 
hoar.          water. 

61 

366 

•581 

9-2 

552 

1-324 

6-2 

372 

•603 

9-4 

564 

1^380 

6-3 

378 

•620 

9-6 

576 

1-460 

6-4 

384 

•640 

98 

588 

1-500 

6-6 

390 

4-2045 

•660 

10 

600 

6-818      1-564 

6-6 

396 

•680 

10-2 

612 

1-624 

6-7 

402 

•701 

10-4 

624 

1^644 

6-8 

408 

•720 

106 

636 

1764 

6-9 

414 

•744 

10^8 

648 

1^836 

7 

420 

4-771 

'766 

11 

660 

7-500      1^892 

71 
7-2 
7-3 
7-4 
7-5 

426 
432 
438 
444 
450 

5-1136 

•787 
•816 
•832 
•856 
•879 

112 
11-4 

ir6 

1P8 
12 

13 

672 
684 
696 
708 

720 

780 

1-930 
2-032 
2092 
2^176 
8-1727    2-252 

8-8636  2-6531 

-7-9 

456 

•896 

14 

840 

9-5454  3-0625 

7-7 

462 

•926 

15 

900 

10-2272  3-5156 

7-8 

468 

•952 

16 

960 

10-9090  4 

7-9 

474 

•975 

17 

1020 

11-5909  4-5156 

8 

480 

5-453 

1 

18 

1080 

12-2727  50625 

8-2 

492 

1052 

19 

1140 

12-9545  5-6406 

8-4 

504 

1-100 

20 

1200 

13-6363  6-25 

8-6 

516 

1146 

30 

1800 

20-4545  140625 

8-8 

528 

1^212 

40 

2400 

27-272?  25 

9 

540 

61863 

1-265 

50 

< 

3000 

34-0909  39062 

• 
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TABLE  XI.— Part  5. 
Conyersion  of  English  Measures. 


Inches  and  eighths  in  feet. 


Inches. 

o 

i 

1 

f 

i 

i 

i 

1 

0 

•010 

•021 

•031 

•042 

•052 

•063 

•078 

1         083 

•094 

•104  ■ 

•114 

•125 

•135 

•146 

•156 

2 

•166 

•177 

•187 

•198 

•208 

•219 

•229 

•239 

3 

•250 

•260 

•271 

•281 

•291 

•302 

•312 

•828 

4 

•333 

•344 

•854 

•364 

•875 

•885 

•396 

•406 

5 

•416 

•427 

•437 

•448 

•458 

•469 

•479 

^489 

6        -5 

•510 

•520 

•531 

•541 

•552 

•562 

•573 

7        -583 

•594 

•604 

•614 

•625 

•635 

•646 

•656 

8 

'GGG 

'677 

•687 

•697 

•708 

•718 

•729 

•739 

9 

•75 

•760 

•771 

•781 

•791 

•802 

•812 

•823 

10 

•833 

•844 

•854 

•864 

•875 

•885 

•895 

•906 

11 

•916 

•927 

•937 

•948 

•958 

•969 

•979 

•989 

Super/ 

tcial^ 

Acres  into  square  feet  and  vice  vers^. 


Square  feet 
1000 

Acres. 
•022957 

Acres. 

Square  feet. 

1 

43560 

2000 

•045914 

2 

87120 

3000 

•068870 

3 

130680 

4000 

•091827 

4 

174240 

5000 

•114784 

5 

217800 

6000 

•137742 

6 

261360 

7000 

•160697 

7 

304920 

8000 

•183656 

8 

348480 

9000 

•206613 

9 

392040 

10000 

■ 

•229568 

10 

435600 
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TABLE  XI.— Part  5— continued. 
Equivalent  Englisli  measnres. 
Square  miles  into  acres  and  vice  verstl. 


Acres. 

Square  miles. 

Square  miles. 

Acres 

1 

•001563 

1 

640 

2 

•003135 

2 

1280 

3 

•004688 

3 

1920 

4 

•006270 

4 

2560 

5 

•007813 

5 

3200 

6 

•009375 

6 

3840 

7 

•010938 

7 

4480 

8 

•012540 

8 

5120 

9 

•014063 

9 

5760 

10 

015625 

10 

6400 

1 
1 

Capacity — 


Cubic  feet  into  gallons  and  vice  vers^. 


1 

Cabie  feot. 

Gallons. 

Qallons. 

Cubic  feet. 

1 

6-232 

1 

•1605 

2 

12464 

2 

-3209 

3 

18-696 

8 

•4818 

4 

24-928 

4 

•6418 

5 

31160 

5 

•8023 

6 

.  87-392 

6 

•9627 

7 

43-624 

7 

11232 

8 

49-856 

8 

1-2836 

9 

56-088 

9 

1-4441 

10 

62-320 

10 

1-6046 
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TABLE  XI.— Pabt  G-^-etmlinued. 


Measures  of  Water  Supply. 


A  watering  in 

cubic  feet  per 

acre  of 

A  watering  in 

cubic  metres  per 

hectare  of 

A  watering  in 

cubic  metres  per 

hectare  of 

A  wmteringin 

cubic  feet  per 

acre  of 

10000 

ss 

700 

1000 

= 

14284 

9000 

= 

630 

900 

= 

12852 

8000 

^ 

560 

800 

= 

11424 

7000 

^ 

400 

700 

= 

9996 

6000 

^ 

420 

600 

^ 

8568 

5000 

^ 

350 

500 

s= 

7142 

4000 

= 

280 

400 

^ 

5712 

3000 

zs 

210 

800 

e= 

4284 

2000 

s= 

140 

200 

s= 

2856 

1000 

^s 

70 

100 

^s 

1428 

A  supply  in  litres       A  supply  in  cubic 
per  second  per        feet  per  second  per 
hectare  of                      acre  of 

A  supply  in  eublo 

feet  per  second  per 

acre  of 

A  supply  in  litres 

per  second  per 

hectare  of 

2-00 

ss 

•02856 

•03 

= 

210018 

1-50 

= 

•02142 

•02 

= 

140012 

1-00 

= 

•01428 

•01 

^ 

•70006 

•75 

= 

•01021 

•0075 

= 

•52004 

•5 

^ 

•00714 

•0050 

=: 

•35003 

•25 

ss 

•00357 

•0025 

ss 

•17501 

1  litre  per  second  per  hectare  =  a  duty  of  70  acres  per  cubic  foot 
per  second. 

•01  cubic  feet  per  second  per  acre  =  a  duty  of  100  acres  per  cubic 
foot  per  second. 

A  hectare  is  equal  to  10  000  square  metres. 


A  litre  is  equal  to 


1000 


of  a  cubic  metre. 
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TABLE  XI.— Pabt  (j— continued 
Measures  of  Pressure. 


Lbs.  per  aquare  inch  into  kilogrammes 

Kilogrammes 

per  square  centimetre 

per  square  centimetre. 

into  lbs. 

per  sqoare  inch. 

1                    -0703 

1 

14-237 

2                    -1406 

2 

28-475 

3                    -2109 

3 

42-713 

4                    -2812     . 

4 

56-950 

6                    -3515 

5 

71-187 

6                    -4218               1 

6 

85-426 

7                    -4921 

7 

99-663 

8                    -5624               1 

8 

113901 

9                    -6327 

9 

128-138 

10                    -7023 

10 

142-375 

Measures  of  Heat. 


6 

^ 

• 

• 

• 

0 

^ 

^ 

I 

•3 

1 

a 

-J 

1 

•js 

1 

S 
1 

a 

6 

3 

s 

1 

'■£ 

1 

Co 

320 

20O 

68« 

25« 

770 

30^ 

86^* 

2-5 

36-5 

20-5 

68-9 

25-5 

77-9 

30-5 

86-9 

5 

41 

21 

69-8 

26 

78-8 

31 

87-8 

7-5 

45-5 

21-5 

70-7 

26-5 

797 

81-5 

88-7 

10 

50 

22 

71-6 

27 

80-6 

32 

89-6 

12-5 

54-5 

225 

72-5 

27-5 

81-5 

32-5 

90-5 

15 

59 

23 

73-4 

28 

82-4 

33 

91-4 

17-5 

63-5 

23-5 

74-3 

285 

83-3 

33-5 

92-3 

20 

68 

24 

75-2 

29 

84-2 

34 

93-2 

24-5 

761 

29-5 

85-1 

34-5 

94-1 

35« 

95" 

40^ 

1040 

450 

113° 

50« 

122° 

35-5 

95-9 

40-5 

104-9 

45-5 

113-9 

55 

131 

36 

96-8 

41 

105-8 

46 

114-8 

60 

140 

36-5 

97-7 

41-5 

106-7 

465 

115-7 

65 

149 

37 

98-6 

42 

107-6 

47 

116-6 

70 

158 

375 

99-5 

42-5 

108-5 

47-5 

117-5 

75 

167 

38 

100-4 

-  43 

109-4 

48 

118-4 

80 

176 

38-5 

101-8 

435 

110-3 

48-5 

119-3 

85 

185 

39 

102-2 

44 

111-2 

49 

120-2 

90 

194 

39-5 

103-1 

44-5 

112-1 

49-5 

121-1 

100 

212° 

\ 
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TABLE  XII. 


Part  1.— Co-efficients  of  fiuid  friction. 

„  2. — Co-efficients  of  flood  discharge  from  catchment  areas. 

„  8. — Co-efficients  of  discharge  for  rivers,  canals,  and  pipes. 
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TABLE  XII.— Part  1. 


Co-efficicnfcs  of  fluid  friction,  being  the  values  of  y*  in  the  formula 

given  in  the  text. 

(D'Arcy,    Bazin,    Ganguillet,    and    Kuttor.) 

(From  the  "Caltur-Ingenieur,"  1870.) 


General  values, 

•009— Well  planed  plank. 

'010 — ^Very  smooth  surfaces,  plasters  in  cement ;  assumed  to  be  appli- 
cable also  to  enamelled  and  glazed  pipes. 

•Oil — Plaster  in  cement,  with  one- third  sand. 

"012 — Unplaned  plank. 

'013 — Brickwork  and  cut  stone ;  assumed  to  apply  also  to  metal  and 
earthenware  pipes  under  ordinary  conditions,  but  not  new. 

•017 — ^Rubble  masonry. 

•020 — Canals  with  bed  and  banks  of  very  firm  gravel. 

•025 — Rivers  and  Canals  in  Earth,  in  perfect  order  and  regimen,  and 
perfectly  free  from  stones  and  weeds. 

*030 — Rivers  and  Canals  in  Earth,  in  moderately  good  order  and 
regimen,  having  stones  and  weeds  occasionally. 

•035 — Rivers  and  Canals  in  Earth,  in  bad  order  and  regimen,  haying 
stones  and  weeds  in  great  quantity. 

Local  valines. 

OIQ—The  Marseilles  Canal. 

022 — Rigoles  de  Grosbois. 

023 — Tauber  Alpbachschale,  Rhine. 

024 — ^Linth  canal.     Hiibengraben.     Hill-streams. 

025 — Jard  canal.     Seine.    Neva. 

026— Seine.     Haine.     Rhine.     Speierbach. 

027 — Mississippi.     Rhine. 

028— Saone,  Salzach. 

029 — Danube  in  Hungary. 

030— Rigoles  de  Chazilly. 

031— Limat,  Zurich. 

033— Maras. 

035 — Simme. 
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TA.BLE  XII.— Paet  2. 


Co-officienis  of  flood  discharge  from  catchment  areas. 


Fob  the  formula  in  Table  lY.,  Part  1,  also  given  in  the  text* 


3 


Q  =  n  X    100  (N)f 

The  value  of  this  co-efficient  (n)  can  be  determined  and  made  use 
of  within  local  limits  only,  as  it  depends  on  the  average  irn^-rimtim 
local  downpour,  the  evaporation,  the  quality,  inclination,  and  dispo- 
sition of  the  surface  of  the  area  under  consideration  ;  it  has  hitherto 
been  determined  for  very  few  districts,  and  not  sufficiently  satisfac- 
torily for  some  of  those.  In  some  cases,  unfortunately,  doubtftil  flood 
marks  have  been  used  to  obtain  the  flood  gradient,  and  the  velocities 
calculated  according  to  very  varied  formulsB ;  in  others,  the  obstruc- 
tions caused  by  bridges  and  embankments  have  vitiated  all  the  bases 
of  calcidation  of  discharge. 

Values  of  n 

For  very  largo  Indian  rivers  near  their  mouths  ...    '03  to  2 

For  Oudh  generally  ...  ...  ...  ...       1  to  2 

The  Madras  Presidency,  the  whole  Cavery  "j 

The  Qodavery,  Kistna,  Tumbaddra,  Pcnnair,  Vigay  i 

The  Chittaur,  Palaur,  Manjilanthi,  Varhazanthi  below   ...       5* 

For  the  Kanhan  River,  Central  Provinces,  according  to 

the  highest  flood  yet  known,  less  than        ...  ...       5* 

For  IkMigal  and  Bahar,  rainfall  2  to  4  feet — Col.  Dickens 

gives  a  co-efficient  of    ...  ...  ...  ...       8*25 

Tlio    Upper  Cavery,  Tambrapurni,  Gadanamatti  ...  v    ^">1^> 

)    and  22* 

For  some   rivers   in  Berar  and   the   Central  Provinces, 

acconling  to  calculated  velocities  only       ...  .,,     16*  to  24* 

Some  further  data  for  Indian  rivers  will  be  found  in  the  Statistics. 
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TABLE  XII.— Part  4 


Co-efficients  of  Discharge  for  Orifices,  being   values  of  m  for  the 
formula  in  Table  IX.,  and  given  in  the  Text. 


V  =  w    X  8025   >/ H 


Applied    According 
in  the        to  Ex- 
Table. 

•55 
•6 


•62 
•66 
•7 

•727 
•8 
•84 
•84 
•9 
•96 
•96 
•96 
•96 
1- 


709 
62 

m 

7 

62 

8 

83 

84 

9 

94 

96 

96 

96 


periment. 

572   ")  Rectangular,    length  T  depth,    (L  "7  D)  ;   see   next 
)      piage. 

^  Orifices  generally. 
!  Sluices  without  side  walls. 
Canal  lock  gates  and  dock  gates. 
Undershot  wheel  gates. 
Velocity  of  approach  in  a  channel. 
Sluices  in  lock  gates. 
Large  vertical  pipes. 
Narrow  bridge  openings. 
Large  sluices. 

Wide  openings  from  reservoirs. 
Wide  bridge  openings. 
Orifices  with  converging  mouth-pieces« 
Large  orifices  with  diverging  mouth-pieces. 
1*3  Attached  diverging  mill  channels. 

Modification  of  the  co-efficient  m,  so  as  to  include  the  efibct  due  to 
velocity  of  approach  ; 

Let  h  ^  head  due  to  this  velocity  only, 
then  m    = 


and  m  is  the  new  co-efficient  to  be  used. 


9^ 
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TABLE  Xn.— Part  4—eoiUinued. 


Co-efficients  of  Discharge  for  Orifices — eanttnued. 


Table  of  co-efficients  of  Velocity  of  Discharge  for  Rectangular  Orifices, 
when  the  depth  (D)  is  less  than  the  width  (W)  for  a  head  (K). 


D 

D 

D 

D 

D 

D 

H 

W 

W 

• 

W 

W 

W 

W 

W 

«=1 

=  •5. 

=  •25 

=  •15 

=  1 

=  05 

ValaeBi 

>£  H. 

•05 

•709 

•10 

•660 

•698 

•15 

•638 

•660 

•691 

•20 

•612 

•640 

•659 

•685 

•25 

•617 

•640 

•659 

•682 

•30 

•622 

•640 

•658 

•678 

•40 

•600 

•62(5 

•639 

•657 

•671 

•60 

•605 

•628 

•638 

•655 

'667 

•60 

•572 

•609 

•630 

•637 

•654 

•664 

•75 

•585 

•611 

•631 

•635 

•653 

•660 

1^00 

•592 

•613 

•634 

•634 

•650 

•655 

1-50 

•598 

•616 

•632 

.632 

•645 

•650 

200 

•400 

•617 

•631 

•631 

•642 

•647 

2-50 

•602 

•617 

•631 

•630 

•640 

•643 

3-50 

•604 

•616 

•629 

•629 

•637 

•638 

400 

•605 

•615 

•627 

•627 

•632 

•627 

600 

•604 

•613 

•623 

•623 

•625 

•621 

800 

•602 

•611 

•619 

•619 

•618 

•616 

1000 

•601 

•607 

•613 

•613 

•613 

•613 

The  above  was  deduced  by  Bankine  from  results  of  experiments  by 
Poncelet  and  Lesbros. 

i^.J5. — ^When  H  7  3  D,  the  centre  of  figure  may  be  considered  the 
centre  of  motion. 
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TABLE  Xn.— Pabt  5. 


*Co-efficient8  of  Discharge  for  Overfalls,  being  yalaes  of  m  for  the 
formula  applied  in  Table  IX.,  and  given  in  the  Text. 

V  =  |m  X  8-025 V  H 

N,B,  1  =  length  of  weir  sill :  L  =  length  of  dam,  or  breadth  of 
channel :  H  =  head  on  sill :  D  =  depth  of  notch. 

In  By  Bzperi* 

Tablo.  mentamts. . 

.^  .g  j  Broad-crested  or  flat-topped  dams 

iDams  with  a  channel  attached 

•595   [Weirs   with    1-inch  crests  when  1  =  or  7  L ;  the 
•55  4  14" 


•662 


[ 


exact  valne  of  m  being  =  '57  x  lOL 


M 


r  Overfalls  when  1  7.^  and  <  L 

4  3 


'666  -552 


Y-shaped  notch,  when   1  =  D 

2 

•62  '26     V-shaped  notch,  when  1  =  _D 

4 

Weirs  when  1  =  L,  and  H  7  -J-  height  of  the  barrier ; 
in  this  case  the  velocity   of  approach  must  be 
considered  in  addition. 
•7  *666     Weirs  generally  when  1  =  L  and  H  <  ^  the  height 

•727  of  the  barrier. 

To  modify  the  co-efficient  fit  so  as  to  indnde  the  effect  dae  to 
velocity  of  approach, 

Let  h  =  head  due  to  velocity  of  approach  only ; — 


((-4):-(4)M 


then  m}  =  m- 

and  m^  is  the  new  co-efficient  to  be  nsed. 


*  In  uBung  Table  YIII.  for  OTorfalk,  always  diminish  the  Telocity  of  discbaige  there 
fCiTen  by  one-third  ;  thia  alone  admits  of  the  use  of  the  same  table  for  discharges  both 
of  orifices  and  orer&Us. 
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TABLE  XU— Pact  fx 


Feet  X 

Feet  X 

Square  feet  x 
Sqnare  feet  x 
Cabic  feet  x 
Cabic  feet  x 
Cabic  feet  x 
RainfaU. 

Feet  of  downponr  x  193600- 


■015 

-couio 
•111 

-000023 

6-23 
-779 
-037 


=5  GaDons. 
=  Bodliels. 
=  Cabic  jards. 


*=  cnbic  feet  per  square  mile. 


Feet  of  downpour  X        302*5  =  cubic  feet  per  acre. 
Draiuai^  areas. 

The  drainage  from  1  square  mOe  1  will    irrigate    176    acres    at    a 
collecting  1  foot  yearly  )  duty  of  200  aeres,  will  supply 

47,580  inhabitants  at  a  duty 
of  10  gallons  daOy»  will  jrield 
'8833  cubic  feet  per  second 
throughout  the  year. 


x 
x 

X 
X 


Velocities. 

Feet  per  second 
Feet  per  second 
Feet  j)cr  second 
Feet  per  second 

iJiHclmrges. 

Cub.  feet  per  sec.  x 
Cub.  feet  per  sec.  x 
Cub.  feet  per  sec.  x 
Cub.  feet  per  sec.  x 
Cu!).  feet  jior  sec.  x 
(Jul).  fe(ft  f)(;r  sec.  X 
(/ub.  feet  fwr  sec.  X 
Cub.  feet  per  «»(».  x 


*G8  give  miles  per  hour. 
60      giTe  feet  per  minute. 
20       give  yards  per  minute. 
1200       give  yards  per  hour. 

2*2  give  cubic  yards  per  minute. 

133  give  cubic  yards  per  hour. 

3200  give  cubic  yards  per  day. 

6J  give  gallons  per  second. 

375  give  gallons  per  minute. 

22  give  thousands  of  gallons  per  hour. 

500  give  thousands  of  gallons  per  day. 

2400  give  tons  per  day. 
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TABLE  XII.— Part  G— continued. 


Cubic  feet. 

Gallons. 

# 

1- 

=       6-232 

w 

and  weighs  62*32  lbs. 

•1G05 

=       1 

and  weighs  10  lbs. 

1-8 

=     11-2 

and  weighs  1  cwt. 

35-943 

=  224 

and  weighs  1  ton. 

1  cubic  inch 

=         -0036 

and  weighs  '0361  lbs. 

1  fluid  ounce  weighs 

4375 

grains. 

1  Troy  ounce  measures 

8  fluid 

ounces,  46  minims. 

1  Avoirdupois  ounce  measures  8  fluid  ounces. 
1  lb.  Troy     =5760  grains       =6319*54  minims  of  water. 
1  gallon       =76800  minims    =70000  grs.  of  distilled  water. 
1  lb.  Avoir.  =  7000  grains. 

All  comparisons  between  measures  of  capacity  and  those  of  weight 
are  made  with  distilled  water  at  a  specific  gravity  of  1,  temp.  62°. 

Pressure. 
H  =  head  of  water  in  feet  H  =  P  x     2-31. 

P  =:  pressure  in  lbs.  per  square  foot  P  =  H  x  62*32. 

HoRSE-POWER. 

1  HP    =  33000  lbs.  raised  1  foot  in  1  minute. 

=  884  tons  raised  1  foot  in  1  hour. 
Theoretical  HP  =  -113  Q  x  fall  in  feet. 

The   drainage    of    10   square   miles    collecting  12"  yearly  gives 
1  HP  for  each  foot  of  fall. 

For  pumping  engines  of  the  best  class,  allow  HP  =  '142  Q  H  where 
Q  ss  quantity  raised  in  cubic  feet  per  second,  H  s=  height  in  feet. 

Mills. — An  ordinary  mill  will  gririd  1  bushel  pop  HP  per  hour ; 
for  each  pair  of  stones  allow  4  HP  nominal. 

Towage. 
The  general  formula  referred  to  in  the  text  is 

R  =  5  T.  V^ 
where  R  ^  the  pull  on  the  rope  in  pounds, 

T  =  the  displacement  of  the  barge  in  tons, 
V  ^  the  velocity  through  the  water, 
&  =  a  co-efficient  varying  with  the  form  of  the  barge, 
from  -109  to  -369. 
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MISCELLANEOUS  TABLES  AND  DATA. 

Formula  and  Data  far  Betaining  Walls. 

Extracted  from  yarions  articles  by  J.  H.  E.  Hart,  Esq.,  C.E. 

/f        nH        ) 

General  equation  for  breadtH  of  base,  x  =  ^\/  I3  ^^  (g±:  g^)\ 

Where  H  =  total  Horizontal  pressure  against  the  back  of  the  wall. 

n  =  the  ratio  of  its  sectional  area  to  that  of  a  rectangle  of 
equal  height  and  breadth. 

w  =  the  weight  of  a  cubic  foot  of  the  wall. 

qx  =  the  horizontal  deviation  of  the  centre  of  resistance  of 
the  base  from  the  middle  of  the  base. 

.    q^ge  :=  the  horizontal  deviation  of  the  centre  of  g^vity  of  the 
profile  from  the  middle  of  the  base. 

(1)  For  vertical  rectangular  sections,  n  =  1,  g'^  =  0,^  =  a  /  f  5 —  ) 

(2)  For  plumb-faced  trapezoidal  sections  of  a  top  thickness  {t) 

-2^   and   q-    =  (-^-j     U  (^  +  o) 

(3)  For  plumb-backed  trapezoidal  sections  of  a  top  thickness  (t) 

X  +  t      ,      ,         (x  —  t\     (  X  +  2t  \ 

"  =  -nr'-''^  2  =  V-6-;  \xix  +  o) 

The  limiting  value  of  ^  to  avoid  the  existence  of  tension  in  the 
masonry  is  ^,  but  its  limiting  value  in  actual  practice  is  |.  Li 
special  cases,  since  it  must  not  be  so  great  as  to  cause  the  maxi- 
mum pressure  (P)  to  exceed  the  safe  resistance  (C)  to  crushing  of 

P 

the  material,  its  values  correspond  as  follows  to  the  values  of  — ,  where 

P 
p  s  the  mean  pressure  per  unit  of  surface  of  base,  s=  sum  of  the 

vertical  forces  -r  area  of  the  base ;  and  P  is  less  than  G. 

?  =  iV»  ijr>  i^>  h  h  h  ii  Tjr>  h  h  i 

If  d?  =  thickness  of  a  vertical  rectangular  wall  to  sustain  a  horizontal- 
topped  bank, 
dT^  =s       do.      for  an  indefinite  surcharge, 
x^  =       do.      for  a  surcharge  of  a  height  e, 

*«  =     ^    .   o^^'     where  h  =s  height  of  the  wall. 
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HISCELLANEOUS  DATA^eontinued. 

Co-effieUnU  for  Earth  Trtww  agtan$t  onsfoai  m  Ung^  of  veriieaU 
backed  Walls  for  fparunu  angls$  of  repose  of  earth. 

For  angles  of  repose  of        27°    80*"    83°    86**    89°    42°    45^    48^ 

Co-efficients  of  earth  pressure. 

^ei*":?^ top'**!!'}  188    IS'    147    180    114  ^,-085   -078 

""f Si*^f^,^;fi^  *°  1 -897  -375  -351    327  -802  •276-250  -224 
angle  oi  repose      •••  ) 

Horizontal  pressure  H  s  co-efficient  x  weight  of  1  cubic  foot  x  h\ 

For  walls  having  sloping  backs  the  horizontal  pcaHHV  m  «ob> 

TCBiMiily  determinfid  bj  Hcfvitte^s  iPBD-loown  geomebical  method, 

which  gives  the  position  of  the  plane  of  tifm-riTniim  pressmey  and 

hence  also  the  values  of  e  the  inclination  of  that  plane  with  the  angle 

of  repose,  and  A  the  sectional  area  of  effective  pressore,  in  the  general 

expression  for  horizontal  thmst^  H  s  A  tan  e  X  weight  of  1  cnbic 

foot  of  the  earth. 

For  water  pressure  H  =  81*2  x  h*. 

Working  Loads  or  safe  units  of  pressure  adopted  in  emsting  sirudures, 

(From  Spon's  '*  Dictionary  of  Engineering.*') 

TonBon  the 
square  foot. 

Soft  rock  foundations           ...             ...             ...             •••  9 

Concrete...             •••            •••             •••            •••             •••  3 

jjiaruii       •••             •••             •••             •••             •••             •••  ^i 

Ashlar  masonry,  limestone,  Britannia  Bridge   ...             ...  16 

„             „        granite,  Saltash  Bridge           ...             ...  10 

„      backed  with  rubble,  Peniston  Viaduct  ...             ...  6 

Rubble  masonry,  sandstone  in  Abeiihaw  lime,  Pont  y  Pridd  20f 

,          „       .  limestone  in  chalk  lime,  Barentine  Viaduct  3^ 

,          „         in  hydraulic  lime,  Almanza  Dam           ...  12*8 

,          ,,             „             ),             Joan           •••             ...  /  o . 

f          „            „             ,,            Furens       ...             ...  6* 

,,         „            „            „            Tulsi         ...             ...  8-9  to  6-9 

Brickwork,  London  paviors'  in  cement,  Charing    Cross 

Bridge           ...             ...             •••             •••  12 

„         Staffordshire    blue  brick   in   cement,   Clifton 

Suspension  Bridge       ...             ...             •••  10 

„         red  Birmingham  in  lias  lime,  Railway  Viaduct  7 

Cement  mortar       •••             ...             ...             ••.             •••  20  to  32 

Lime  mortar           ...             ...             •••             >..             •••  2i  to  5i 
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MISCELLANEOUS     DATA^eontinued, 

Table  of  WeighU  of  MatenaU. 

(From  Spon's  "  Dictionary  of  Enginemng.") 


Angle 

of  repose. 

Specific  grayity. 

Weight  of  a 
cubic  foot 

Clay,  dry 

30° 

to40« 

1-95 

120 

„    wet 

15 

to  20 

2ir 

135 

Earth,  common  dry 

46 

1*64 

102 

Earthy  clay  and  sand 

54 

1-5  to  17 

97  to  106 

Gravel 

37 

1-5  to  1-9 

96  to  120 

Monldy  garden 

35  to  45 

1-4 

70  to  90 

Sand,  dry  fine 

34  to  40 

1-4  to  1-6 

84  to  97 

„      damp 

34  to  40 

1-9 

118 

Shingle,  loose 

39 

22 

139 

Basalts  and  traps 

3  to  2*4 

187  to  165 

Bricks,  red 

2-16 

135 

„      common 

1-76 

110 

„      stock  (London) 

1*84 

115 

Brickwork  in  cement 

1-92 

120 

„          in  new  mortar 

1-87     • 

117 

„          in  old  mortar 

1-52 

95 

Cement  new 

1-61 

100 

Flint  masonry 

2-34 

148 

Ghranites 

8*05  to  2-25 

190  to  141 

Granite  masonry 

2-75 

172 

Limestones 

2-54  to  1-86 

159  to  116 

Mortars,  new 

1-9 

119 

„      old 

1-42 

89 

Sandstones 

2-67  to  1-38 

168  to  88 

Slates 

2-9    to    2-5 

180  to  157 

Ashlar,  weiffht  =  1  thi 

it  of 

stone  + 

4  that  of  mortar. 

Babble,  weight  =s  -J  to  )  that  of  stone  +  -^  to  ^  that  of  mortar* 

The  safe  working  load  for  masonry  and  brickwork  is  that  for  the 
mortar  used ;  bat  in  ordinary  calcalation,  5  tons  per  sqaare  foot  for 
brickwork  and  rabble,  and  30  for  ashlar  in  cement,  is  generally  allowed. 
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MISCELLANEOUS  DATA- continued. 

Dimensions  of  Trapezoidal  Masonry  Dams,  having  hoik  faces  hatUring, 
for  heights  up  to  ^Ofeet,    (By  the  Author.) 


Good  nibble. 

Inferior  rabble. 

Briokwoik 

Height  of  dam 

H 

.     H 

H 

Thickness  at  top 

4H 

•2H 

•3H 

Thickness  at  bottom 

•5H 

•6H 

•7H 

Front  batter 

lin24 

1  in  15 

linlS 

Back  batter 

lin3 

linS 

lin3 

Sectional  area 

•3H« 

•4H« 

•6il« 

Dimensions  of  Trapezoidal  Masonry  Dams,  having  the  water  face  vertical^ 

for  heights  up  to  infest. 


Weight    of    masonry 

per 

cubic  foot 

140  lbs. 

120  lbs. 

100  lbs 

Height  of  dam     ... 

H 

H 

H 

Thickness  at  top  ... 

•24H 

•25H 

•28H 

Thickness  at  bottom 

•48H 

•51H 

•56  H 

Water  face 

Vertical 

Vertical 

Vertical 

Outer  face... 

1  in  4-25 

1  in  4 

1  in  3-57 

Sectional  area 

•36H2 

•375fP 

•4tiH« 

Weight  per  unit  of  length 

60H« 

45H« 

42IP 

Mean  pressure 

... 

104H 

90H 

75H 

Maximum  pressure 

... 

416H 

360H 

300H 

These  data  apply  to  the  same  limiting  value  of  g',  the  ratio  to  the 
breadth  of  the  base  of  the  distance  along  it  from  the  foot  at  which 
the  direction  of  the  resultant  pressure  cuts,  which  is  taken  at  one- 
third.  A  slight  modification  of  the  above  section  may  be  used  for 
heights  up  to  60  feet.  For  lofty  dams,  the  process  and  rules  of 
Kankine  for  obtaining  the  dimensions  of  dams  with  curved  profiles 
under  different  conditions  yield  correct  results  by  means  of  short  and 
simple  calculations. 


MISCELLANEOUS  DATA-coB(iniM</.. 

Thiekneitet,  Sinet,  and  Weighti  of  Catt  Iron  Pipn.     (Box.) 

Safe  Thicknesa  for  YariooB  PresBarea. 


H«>dofif* 

ler  in  feet. 

bS.    "" 

Oi& 

100              250 

760 

1000 

TbickDtn 

iDioeheo. 

l\ 

27 

■29 

29 

■30 

■31 

•33 

2 

29 

•3 

31 

■33 

■35 

-37 

H 

3 

■31 

S3 

■35 

■37 

•41 

3 

32 

■33 

S5 

■38 

■41 

■44 

4 

35 

■37 

S9 

■43 

•47 

■51 

6 

37 

■39 

42 

■47 

■62 

■67 

6 

3» 

■42 

45 

■61 

■57 

■63 

? 

11 

•44 

48 

•55 

■62 

•69 

8 

K\ 

•46 

51 

•59 

■67 

•75 

9 

« 

■48 

53 

■63 

■72 

•81 

10 

45 

■50 

511 

■66 

■76 

■86 

12 

«) 

■54 

61 

■73 

■86 

■97 

15 

53 

■69 

m 

■83 

■98 

113 

18 

57 

■64 

75 

■93 

1^11 

129 

21 

5 

•69 

HI 

102 

1^23 

144 

24 

54 

■73 

88 

112 

136 

160 

SO 
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lOSCELLAHnBOlTS  TABLES— eon/tiuMi^. 
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MISCELLANEOUS  T>ATA^eanUnusd. 

Comtanti  of  Labour,    (Hnrst.) 

Eabthwobk. 

Excavator's  Work  per  cubic  yard,  in  terms  of  a  day's  labor  of  10  hours, 

for  different  descriptions  of  soil. 

Days  of  a  Laborer. 


Excavating  only        ...         ...         •••         ••• 

„  in  rock  requiring  blasting 

Throwing  5  feet  bigb,  or  filling  tracks     ... 

Filling  barrows  

Removing  with  wheelbarrow  to  25  yards' 

uiscance      •••         •••         ...         •••         ••• 

Filling  at  backs  of  walls      

Eamming  earth  in  6-inch  layers     ... 

I,        „  12-inch    ...         ...         ... 

Levelling  earth  from  barrow-heaps  without 

.throwing     ...         ...         •••         ...         ... 


Materials. 

Rofl. 

Moderate. 

Hard. 

Days. 

Bajs. 

DajB. 

•050 

•100 

•200 
Sfc50 

Light 

Heavy.  Wet  mud. 

•048 

•055 

•065 

'045 

•052 

•061 

•026 

•030 

•030 

•048 

•055 

•058 

•040 

•025 

•012 


•019 


Levelling  and  trimming  slopes  per  s.  yard 

Turf  4  inches  thick,  cutting  and  stacking 

only,  per  s.  yard   ...         ...         •••         ... 

„        „    resodding  only,  per  s.  yard    ... 


•020  to    -030 

•045 
•065 


Days  of  driver,  horse,  and  cart. 
Removing  220  yards  distance,  per  c.  yard        -035  to   '040 
Each  additional  220  yards  „         „  -020  to   *025 

i^.J?. — The  vertical  transport  of  earth  is  equal  to  15  times  the  same 
horizontal  distance  when  barrows  are  used,  and  12  times  when  horses 
and  carts  are  employed. 


Days  of  an  Indian  Coolie. 

Excavating  down  to  9  feet,  carrying  to  25  yds. 

in  a  basket  and  depositing  up  to  6  fb. 
Excavating  down  to  15  feet        „         „ 
Add  for  each  3  feet  more  of  depth  or  height 
of  delivery,  or  for  each  15  yards'  addi- 
tional distance ...         ...         ... 


Sand.    GrayeL  Stony  Soil. 


1-25 
200 


2.00 
2-75 


375 
4-50 


'25 


•25 


•25 


IX 

MISCELLANEOUS  BAT  A— continued. 
Constants  of  Labour,     (Hurst.) 

BBIOKLATEBS'    WOBE. 

The  time  in  days  of  10  hours  in  which  work  can  be  performed. 

One  Bricklayer's  Laborer.  j^ 

Mixing  concrete,  wheeling  and  throwing  from  a  stage,  1  c.  yd.  in  '300 

Mixing  mortar  with  a  shovel       ...         ...         ...         1  c.  yd.  in  *720 

A  two-horse  png-mill  mixes  25  cubic  yards  of  mortar  ...         in  1* 

Picking  up  and  stacking  bricks  without  moving,  per  1,000      ...  '150 

„  „  '  if  handed  to  him  „  '100 

Selecting  bricks  for  facings  •• •  '300 

Taking     down     old    brickwork     in     mortar,     cleaning    and 

stacking   ...         ...         •••         ...        1  c.  yd.  in  '410 

One  Bricklayer  and  Laborer.  Dayi. 

Brickwork  in  mortar  to  walls,  exclusive  of  face  work,  1  c.  yd.  in  *320 

„        in  cement  '         •••         ...         •••         ...  „  *373 

„         in  mortar  to  covering  arches „  '410 

Pointing    flat    joint    in    mortar    and    raking     out    mortar 

joints         ••#         •••         •••         •••         •••         •••       1  s.  yd.  in  *110 

Pointing    flat    joint    in    cement    and    raking    out    cement 

joints         •••         •••         •••         •••         •••         •••       1  8*  yd.  in  *170 

Pointing  tuck  in  cement  and  raking  out  cement  j  oints  „ .  *258 

Paving  with  stock  bricks  on  edge  in  mortar       ...  „  *086 

„  „  „         in  cement      ...  „  '100 

Laying  and  jointing  in  cement  3-inch  drain  pipes        1 1.  yd.  in  *024 

9)  »>  >i       "  >i  n  '048 

,}  )i  >»  .    "  »»  »>  "069 

„     12  „  „         '  -098 

,,  ))  »»    18  ,9  9,  *150 

One  Bricklayer  only.  Dayi. 

Working  each  fair  face  to  brickwork  and  pointing       per  s.  yd.  '080 
Working    each    fair    face  in    malms  or    facing   of   superior 

bricks        ...         •••         •••         •••         •••         •••       per  s.  yd.  *117 

Working    each     fair     face     in    malms,     circular    to    tem- 
plate ...         •.•         #••         •*•         •••         .••       per  s.  yd.  *189 

Rough  cutting  to  brickwork  ...         »w         ...  „  '135 

Fair  „  „  ••  "*„  '360 


MISCELLANEOXJS  DATA^-coniinued. 
ChngUmU  of  Labour — (Hurst) 

Masohb'  Work. 

Days  of  a  Laborer.  Daja. 

Bubble  Stone. — ^Filling  barrows per  cubic  yard   *060 

yy        Bemoring  25  yards,  ajid  letuming                ,,        „  *040 

y,        Unloadixig  barrows      ,,        „  *030 

,y        Taldiig  down  old  masonry  in  mortar, 

cleaning  and  stacking      ...         •••          „        „  *600 

Breaking  stone  to  IV  ordinary  limestone         •••          „        „  *700 

Do.        do*        granite  or  very  hard  stone       •••          ,,        „  "930 
Spreading  the  same  for  metalling  Z"  deep        ...  per  square  yard  '022 

Days  of  a  Mason  and  Laborer.  Dtja. 
Bubble  masonry,  dry  in  foundations      •••         •••  per  cubic  yard '  '240 

^           „          in  mortar  aboye  foundations...          ,»        „  '310 

„           „          all  beds  being  horizontal       ...          „        „  *480 

^           „          in  cement        do.       ...        ...          „        „  *570 

Ashlar  masonry,  \V  thick  and  in  W  courses, 

rubble  with  chisel-drafted  margins     „         „  2^160 

Cubed  stone  hoisted  and  set  in  mortar „        „  *756 

„                „                „     in  cement  ...         ...           „         „  *945 

Days  of  a  Mason  only.  Days. 

Add  to  rubble  masonry  for  each  fair  face  ...  per  square  yard  '090 

„                „              if  hammer  dressed       ...           „         »,  '360 

„                „             if  curved          ...         .••          „        „  •414 

Squaring  2'^  flags  for  paving „         „  '072 

*   „           4                      ,,                              ...             ...             ...               „            ,,  *Xod 

Days  of  a  Mason  on  various  sorts  of  stone. 

Caen.      Portland.  Granite. 

Days.        Days.  Days. 

Whole  sawing,  or  axing,  per  square  yard         '270        •640  1*270 
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MIS  CELLANEOUS    DATA-^fonHnued. 
Indian  Coinage,  Weights^  and  Measures. 

The  rednctionB  from  Indian  data  in  the  statistics  are  based  on  the 
assumption  that  the  Bnpi  is  equivalent  to  two  shillings,  and  the 
Man  or  Mannd  to  80  lbs.  avoirdupois.  To  aid  the  reader  in  any  reduc- 
tions from  casual  Indian  data  he  may  wish  to  make,  the  following 
equivalents  may  be  useful. 

The  Rupee  is  the  basis  of  British-Indian  coinage  and  weights,  and 

its  weight  is  called  a  Tola. 

£.    8.     d.  Grains  Troj. 

1  Pie  =  J     and  weighs      33^ 

1  Anna       =     12  Pie  =  li    and  weighs    400 

.  1  Rupee     =     16  Annas      =  2    0    and  weighs    180 

1  Mohar     =»     16  Rupees     =     1  12    0    and  weighs    180 

The  established  British-Indian  weights  are : — 

1  Tola  =  =  ^       -41143  oz.  Ayoir. 

5  Tolas  =     1  Chittak  =       205714 oz.  Avoir. 

16  Chittaks     =     1  Seer  or  Ser  =       205714  lb.  Avoir. 

40  Seers  =     1  Man  or  Maund     s=     82*2857    lb.  Avoir. 

The  Seer  is  nearly  a  Kilogramme. 

1  lb.  Troy  weighs  32  Tolas,  and  1  lb.  Avoirdupois  3889  Tolas. 

There  are  no  measures  of  capacity,  liquid  and  dry  goods  being 

estimated  by  weight. 

The  measures  of  length  are  the  English  yard  or  gaz,  and  the  English 

mile,  which  has  now  superseded  the  very  variable  kos. 

The  measure  of  surface,  the  bigha,  is  not  yet  generally  superseded 

by  the  English  acre,  its  value  in  different  places  is : — 


In  Bengal  ...  1600  s.  yards. 

AtBanarasand    ]  gigg  «.  yards. 
Ghazipur  j  "^ 

The  Madras  Kani    6400  s.  yards. 

At  Bombay         ...  3406  s.  yards. 

The  local  weights,  the  seer,  man,  and  kandi,  vary  everywhere  in 
Southern  India;  in  the  towns  of  Madras  and  Bombay  they  are 
thus: — 


In  Northern  India  3025  s.  yards. 

In  Orissa  ...  4840  s.  yards. 

In  Tirhut  ,..  4225  a.  yards. 

The  English  acre  .  4840  s.  yards. 


Madras. 
1  Seer  =  J  viss      =    10  oz.  A  v. 
40  Seers  =  1  Man    =    25  lb.  Av. 
20  Mans  =  1  Kandi  =  5O01b.Av. 


Bombay. 
1  Seer  =  ll-2oz.Av. 

40  Seers  =1  Man    =     281b.Av. 
20  Mans  =  1  Kandi  =  5001b.Av. 


The  other  local  weights  and    measures  are  both  voluminous  and 
doubtful,  varying  in  almost  every  district. 
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HYDRAULIC    STATISTICS. 


GSiLYITT  AND  TeMPE&ATUBB. 

Statistics  op  Bitebs. 

Falls  and  Cubyss  op  Indun  Bi- 

TEBS. 

DiscuABGEs  OP  Indian  Biyess. 

Brisp  Aooounts  OP  Indian  Bivebs. 

Financial  Statistics   op  Indian 
Canals. 

Canal  Statistics* 
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The  Dynamic  Force  of  Gravity  at  the  Sea  Levels  and  the 
Mean  Ibmperature,  for  various  Latitudes, 


Gravity. 

Latitude. 

Temperature. 

Spitzbergen 
Greenland 

32-2526 
322435 

79 
74 

49 
32 

58 
19 

... 

Uleo        ...         .. 

•.• 

65 

30 

0 

34-3S 

Unst  (Shetlands) 
ykOO          ..•          •  •• 

32-2173 

.. . 

60 
60 

45 
27 

25 

0 

40-28 

Xieith       ••• 

32-2040 

55 

58 

41 

••• 

Edinburgh 
London  ...         ••« 

32-2040 
32-1908 

55 
51 

57 
31 

0 
8 

45-64 
50-74 

Dankirk ... 

321895 

51 

2 

10 

... 

Paris        ...         •.< 

321820 

48 

50 

14 

53-65 

Bordeaux 

321691 

44 

50 

26 

57-82 

Montpelier 
Toulon    ... 

... 
321668 

43 
43 

36 

7 

0 
9 

5903 

•  •• 

New  York 

32  1600 

40 

42 

43 

a.  • 

Mississipi 

Cape  of  Good  Ho] 

Sydney 

Rio  de  Janeiro    ... 

3e 

32-1380 
321403 
32-1412 
321121 

35 
33 
33 
22 

0 
55 
51 
55 

0 
15 
39 
13 

... 

•  •• 

61-3 

Chandarnagar    ... 
Mauritius 

... 
32-1147 

22 

20 

52 
9 

0 
19 

7510 

... 

Bombay 

Jamaica  ...         .. 

•*• 
32-1050 

18 
17 

53 
56 

0 

7 

80-60 

Trinidad... 

32-0917 

10 

38 

56 

*•• 

Sierra  Leone 

320927 

8 

29 

28 

••• 

Ascension 

32-0959 

7 

55 

48 

•«. 

Colombo ...         •. 

... 

6 

58 

0 

80-90 

St.  Thomas  Isle ... 

.32-0930 

0 

24 

41 

•*• 

Rawak  Isle 

«.  • 

0 

1 

34 

•%• 

Equator 

..» 

..« 

81-50 

Gravity  used  in  the  work- 

ing tables 

32-2 
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The  Areas  of  the  Biver  Basins  of  India. 


Westkrn  Basins. 

Eastirh  Basihs. 

Square 

Square 

miles. 

miles. 

Indus  .•• 

•  •  • 

372  700 

Ganges 

... 

391 100 

Thar  Desert    ... 

•  •  ■ 

68  700 

Sabanrekha     . . . 

... 

11300 

Lani    ... 

... 

22  400 

Baitarani 

... 

11900 

Katiwar  and  Kach 

pe- 

•  •  a 

ninsulas 

27  600 

Brahmani 

.  •. 

15  400 

Mahi     ... 

•  •• 

15  500 

Mahanaddi 

... 

43  800 

Narbada 

•  •  • 

36  400 

Godavari 

.*• 

112  200 

Tapti 

... 

27  000 

Orissa  Coast  ... 

... 

22  200 

Western  Ghats  and  Coast 

Coromandel  Coast 

.*• 

10  300 

series           ••• 

•  •• 

41700 

Lake  Palicat  ... 

... 

6  700 

Sabarmatti 

•  •• 

9  500 

Lake  Koler     ... 

... 

3100 

Western  Banas 

•  •« 

6  300 

Dhardar 

.  •  • 

1800 

Xistna... 

... 

94  500 

Pennar 

••  • 

20  500 

Total 

629  600 

Sonth  Pennar... 

... 
... 

6  300 

6  200 

Burmese  Babutb. 

Vellar... 

... 

4  500 

Irawadi 

•  •  • 

158  000 

Sittang 

•  •  • 

18  300 

Kaveri... 

... 

27  700 

Salwen 

•  •  . 

62  700 

Vaiga  ... 

... 

9800 

Arakan  Basins 

•  •  a 

29  700 

Tambaravari  ... 

... 

3  600 

Teuasserim  Coast 

■  •  • 
•  •• 

... 

14200 

Vaipar 

Total 

.  •  • 

... 

3900 

TotAl 

375  700 
361200 

705  000 

Brahmaputra ... 
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Full  in  feet  per  mile  of  Indian  Mivers, 


Northern  India. 

The  Ganges. 

at  Sukertal        .         .1*5 
from  Gurmaktesar  to 

60  miles  south       .     1-25 

Kbanpur  to  Allahabad  '75 

The  Bhagiratti 

for  190  miles ;  between 
Rajmahal  and  Mir* 
zapur     .         .         .       '281 

The  Jamna, 

at  Agra     .         .         .     1'25 

The  Indus, 

near  Sakkar      .         .    -  '75 

The  Son,  in  the  Punjab, 

at  Lahor-road  bridge    li* 

The  Mdrkanda, 

atHassanpur     .         .     2  72 

The  Mahanaddi, 

lower  100  miles  1*4 

next  100  miles  .         .     2-2 

Southern   India. 

The  Oodavari, 

Sironcha  to  Palmilla .       '5 
Enchampilli  to  Dama- 

gudiam  .         .     1*0 

Damagadiam  to  head 

of  delta         .         .       '5 
through  delta  to  sea  .      '5 

The  Franhita,' 

Tallodhi  to  Sironcha, 
90  miles        .         .1-0 

The  Wdrda, 

above  the  Wunna     .     4*0 
below  it  to  Tallodhi .     10 

The  Wainganga, 

Kampti    to  Tallodhi, 
192  miles      .         .     2*8 

Tlie  Kistna, 

Bczwara  to  sea .         .     I'O 


Southern  India. 

The  Tamhrapurni, 

at  Strivigantam  2*5  to  3*0 

The  Tungahaddra^  Dhar- 

war      •        .         •      2  to  2-5 

The  Warda,  Dharwar  .         .     2- 
TheMalparba,  Belgaum  1*25  to  1  5 

The  Oatparha,  Belganm, 

below  Gokak        .     1*  to  2* 

l^e  Nira,  Puna, 

above  Ramlishwar  4*6 

The  Indarauni,  Puna  .     2*75 

The  Bhima,  Puna, 

Sarwali  to  Deksal       .     2*75 

The  Sienay  Sholapur, 

above  Undogaum  2 '75 

The  Krishna,  Sattara, 

above  Kursi        .  .4*7 

Kursi  to  Bahey  .  .     1*9 

Bahey  to  Yerla  .  -.1*4 

below  Yerla         .  '6 

The  Koina, 

Helwak  to  Karrar  .  1*3 

Karrar  to  Bahey  .  '4 

above  Bamnoli    •  .  6*0 

The  Terla, 

Krishna  t-o  Chiekli     .     8-8 

The  Mann, 

Diguchi  to  Manswar  .     5*5 

The  Kaveri, 

above  the  Kalerun       .     3*5 
thence    to    Seringham 

3-5  to  20 
Seringham  to  sea        .     1*0 

The  Kalerun, 

from  the  Kaveri  to  Se- 
ringham        .     3*1  to  1*6 
Seringham  to  sea    1*6  to  '0 
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Flood  diicharget  of  Indian  Bivers,  according  to  various  reports. 


Catcliment 


Northern  Indu. 

Gfanges  at  Rajmabal    ... 
Combined  Mahanaddi  and  Katr 

jnri  in  flood  of  1834 
Jamna  at  Allahabad     ... 
Son  (Bengal)  at  causeway 
Indus  at  Sakkar 
Son    (Punjab)    at  Labor-road 

bridge        •••         ... 
Markanda  at  Hassanpur,  1845  . 
Sai  at  Rai  Bareli  bridge 
Sai  at  railway  bridge  ... 
Gumti  at  Lakbnau  bridge 
Gumti  at  Saltan  pur  bridge     ... 
Loni  at  railway  bridge 
Kalliani  at  Lakbnau  bridge    ... 
Moma  (Berar)  at  railway  bridge 
Nalganga  at  railway  bridge    . 


Sq.  miks. 


286  000 

67000 
118  000 

34  000 
250  000 

3  600 

1200 

960 

240 

2  000 

3  600 
120 
360 
211 
213 


Southern  India. 

Godavari  at  Rajamandri 
Kistna  at  Bezwara 
Tumbadra  at  Karnul    ... 
Kaveri  at  Frazerpett    ... 
Kaveri  at  Seringham   ... 
Penner  at  Nellor 
Palar  at  Arcat ... 
Tambrapumi  at  Palamcotta   ... 
Chettar  at  Alligyapandrapuram 
Vigay  at  Madura 
Manjilantlii  at  Balagunta 
Gadanaihathi    ...         ... 

Varhazanamatbi  at  Periacolam 
Irriti  (Malabar) 


120  000 

110  000 

20  000 

415 

28  000 

20  000 

3  700 

587 

486 

1600 

90 

29 

41 

336 


Flood 
Disehmi^. 


Diachai^ 

per 
■q.  mile. 


C.  ft.  peraec   ^' ^  ^ 


1  350  000 

1 850  000 

1333  000 

1  700  000 

380  000 

96  000 
47  838 

16  500 
12  000 
22  366 
39  000 

4  600 

17  758 
122  715 
153  846 


I  350  000 

1  188  000 

270  000 

111000 

472  500 

359  loo 

270  000 

189  000 

29  700 

43  200 

10  800 

28  088 

8  100 

149  860 


4-7 

27-6 
11-3 
50-0 
15-2 

26-6 
39-8 
17-2 
600 
11-2 
10-8 
38-3 
49-3 
581- 
722- 


11-2 

10-8 

135 

2673 

16-9 

181 

74  2 

324-0 

60-8 

270 

121-5 

972-0 

202-5 

446-0 


'5  a  5 


11 
4-6 


03 

2- 

2- 

1- 

2- 

0-8 

0-8 

1-3 

21 

20 

24 


2-3 

1-9 

1-6 
12-5 

2 

2 

6-7 
16 

3 

2 

4 
23- 

5- 
19- 


See  pages  ix.  and  Ixz.  of  working  tables 
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Discharges  of  Indian  Rivers, 


The  River  8on^  Bengal. 


Date. 
8  Jan.  1855 
1  Feb.  1855 
1  Mar.  1855 
Ordinary  minimum 
Extreme  drought 


Place. 


At  causeway  and  head  works  of  canal 


»9 


>» 


9» 


91 


in  cubic 
feet  per 
second. 

5  750 

4  624 

11020 

4  000 

960 


Flood  of  1855 
Flood  of  1855 


The  Mahanaddi  and  Kaljuri. 

Below  junction  with  the  Beropa 
The  Katjuri  and  Kokai. 


1040  000 
780  000 


Mahjinaddi  Series,  Total  1  820  000 


6  June  1872 

6  June  1872 

29  July  1872 

19  Dec.  1872 

19  Dec.  1872 

19  Jan.  1873 

20  Jan.  1873 


The  River  Jamna. 

Mandawala 
Bud 

Chaogaoii 
Railway  bridge 
West  Ghat 
Railway  bridge 
West  Ghat 


1388 
5126 
144890 
2128 
2  037 
2  554 
2  934 


The  River  Sallaj, 


(Proposed  site  for  headworks) 
I  of  Canal.  J 


21  Jan.  185G 
12  Feb.  1857 
20  Jan.  1859 

20  Dec.  1859 

21  Jan.  1861 

N,B,  —There  is  reason  to  believe  that  these  are  in  excess. 


»> 


» 


»> 


>> 


» 


2  781 
4135 
4  027 
4  663 
4  461 


Discharges  of  Indian  JRivers — continued' 


The  River  Bias. — At  NausheLra. 
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Date. 

The  River  Ravi, 
Place. 

DiMshu^gM 
ineubio 
feet  per 
seooDd. 

19  Dec.  1872 

Shahdera,  Labor  94  miles. 

703 

19  Dea  1872 

Alpah,  below 

escape 

147  miles. 

879 

19  Dec.  1872 

Bbatiab 

609 

19  Jan.  1873 

Sbahdera 

G87 

19  Jan.  1873 

Alpah 

478 

19  Jan.  1873 

Bbatiab 

271 

19  April,  1872 

Sidbnri 

7689 

21  Sept.  1872 

i» 

13  452 

19  Dec.  1872 

}} 

1866 

20  Jan.  1873 

»» 

2  296 

19  Afar.  1873 

«« 

3  579 

19  April,  1872 

7  498 

19  Dec.  1872. 

4  901 

19  Oct  1872 

8  797 

19  Jan.  1873. 

5117 

19  Mar.  1872 

3  464  at  Pakbowal 

In  Dec.  1871 
Jan.  1872 
Dec.  1872 
Jan.  1873 
Jan.  1873 


The  River  Indus.^At  Kalabagb. 

21  220  Jan.  1873. 

18  657 

21878 

20  781 

18  657  at  Dera-Gbazi-Kban. 


20  541 


In  Jan.  1873. 


The  River  Kuram, — ^At  Kalabagb. 

545  (included  witb  tbe  Indus  discbarges). 


The  River  Indus,  in  1872-73.— At  Dera-Gbazi-Kban. 


April,  1872 
May,  1872 
June,  1872 
.July,  1872- 


Average  gauge  readings  for  each  montb. 


6-27 
732 

9-28 
0-81 


Aug.  1872  7-97 

Sept.  1872  619 

Oct.  1872  4  85 

Nov.  1872  3-98 


Dec.  1872 
Jan.  1873 
Feb.  1873 
Mar,  1^"^ 


3-46 
355 
3*23 
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Brief  Accounts  of  Indian  Rivers. 


The  Indu9  at  Attock,  certain  recorded  velocities  are  as  follows, 

In  hot  seasons,  opposite  fort,  velocity  13  miles  an  honr. 

At  tnnnel  site,  in  cold  season,  5  to  7  miles  an  hour. 
Do.  in  hot  season,  13  to  14  miles  an  honr. 

Surface  velocity  at  centre,  Dec.  1869,  9  miles  an  hour. 
'  The  rise  of  ordinary  floods  is  from  5  to  7  feet  in  24  hours  only, 
and  is  50  feet  above  cold  weather  level.     The  flood  of  1841  was  92 
feet  above  cold  weather  level,  and  that  of  1858,  80  feet. 

Barra  Biver^  at  the  Lahor  and  Peshawar-road  bridge,  7  miles  west 
of  Peshawar,  the  waterway  allowed  is  180  lineal  feet.  In  the  flood  of 
July,  1861,  the  flood  rose  18  feefc  in  5  minutes,  and  had  a  surface 
velocity  of  15^  feet  per  second.  The  soil  of  the  bed  consists,  first,  of 
18  feet  of  silt  and  loose  sand,  then  8  feet  of  firm  sand  resting  on  clay. 

San  Biver,  Panjab,  at  Lahor  and  Peshawar  Road,  has  a  catchment 
area  of  573  sq.  miles ;  maximum  flood  depth,  15' ;  mean  velocity,  8  to  9 
feet  per  second ;  slope  of  bed,  14'  per  mile';  calculated  mean  velocity, 
13'  per  second ;  flood  discharge,  calculated  from  sections,  91 000  cubic 
feet  per  second  =  i"  over  the  catchment  basin ;  the  perennial  stream 
is  never  less  than  1'  deep.  Bed  at  surface  boulders ;  at  11',  conglo- 
merate blocks ;  at  16',  a  hard,  dry  foundation ;  width  of  river  at  site 
1000',  but  a  little  above  only  750 ;  clear  waterway  of  bridge,  945 
lineal  feet. 

77ie  Jamna. — At  the  Sirsawa  bridge  of  the  Delhi  Railway,  37  miles 
SE.  of  Amballa,  the  waterway  allowed  is  2376  lineal  feet ;  at  this 
place  the  Jamna  is  constant,  for  six  months,  from  April  to  September, 
being  snow-fed ;  it  rises  in  March  and  falls  in  October ;  at  the  site  tbe 
soil  is  gravel  and  coarse  sharp  sand,  above  the  bridge  site  it  consists 
of  large  14  lb.  boulders.  Its  flood  velocity  is  8  miles  an  hour,  scour- 
ing the  bed,  carrying  along  the  boulders  and  depositing  them  30 
feet  below  the  ordinaiy  bed  of  the  river.  In  1867,  the  river  rose  in 
flood  to  two  feet  above  its  banks  ;  in  1868,  14  inches  above  that  again. 

The  floods  of  the  Jamna  at  Allahabad  were  recorded  by  Mr.  Sibley, 
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C.E.,  from  1861  to  1865,  observations  being  taken  daily  at  6  a.m.  and 
6  P.M.  The  extreme  variation  of  ordinary  level  within  the  five  years' 
observations  was  2  feet ;  the  extreme  variation  of  lowest  level  was 
generally  also  2  feet.  The  lowest  water  occarred  between  the  19th 
and  28th  April,  when  the  rise  from  snow  melting  begins.  The  great 
rise  dne  to  the  periodic  rains  generally  begins  on  the  19th  or  20th 
June.  The  highest  flood  generally  occurred  between  22nd  and  26th  of 
Angost ;  the  highest  flood  recorded  was  in  1832,^a  little  higher  than 
that  of  1861. 

In  1861  R.  L.  high  flood  161*6,  8  days  over  155  and  4  days  over  160. 

1862  B.  L.      •••  144*5  lowest  recorded  flood. 

1863  K  L.      ...  155- 

1864  B.L.      ...  152-5 

The  floods  of  1861  were  exceptionally  long  in  duration. — The  lowest 
recorded  flood  was  30  feet  above  low  water  level,  the  average  40,  and 
the  maximum  50  feet :  the  maximum  velocity  measuring  950  feet  in  81 
seconds  =  12  feet  per  second,  and  for  12  days  being  more  than  10  feet 
per  second.  At  the  period  of  greatest  discharge  the  mean  surface 
velocity  was  10  feet  per  second,  and  the  mean  sectional  velocity 
9  feet  per  second ;  the  sectional  area  at  that  level  being  145  000 
square  feet,  the  discharge  per  second  was  1^  million  cubic  feet. 

This  river  supplies  the  Eastern  Jamna  canal  with  about  1065  cubic 
feet  per  second,  the  Western  Jamna  canal  with  about  2500,  and  will 
also  supply  the  Agra  canal  with  800  cubic  feet  per  second. 

Biver  Markanda  at  Hassanpur,  in  1859,  by  Mr.  G.  J.  Campbell,  G.E. 
The  bridge  site,  where  the  banks  are  well  defined,  is  about  three 
miles  below  Hassanpor. 

Width  of  channel            1  577  feet. 

Sectional  area       ...         ...         ...  6  938  square  feet. 

Hydraulic  slope    ...         2*72  feet  per  mile. 

Mean  velocity       ...         5*15  feet  per  second. 

Discharge ...         ...  35  370  cubic  feet  per  second. 

Flood  of  1845      47  838  cubic  feet  per  second. 

Flood  depth          10  feet. 

Ordinary  flood  depth       6  to  9  feet* 

Waterway  of  bridge        1  073  lineal  feet. 

Height  of  roadway          24  feet  above  bed. 

The  soil  of  the  bed  is      Sand  and  silt  for  40  feet  in  depth. 
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The  &m  lUver^  in  Bengal,  fa  425  nileB  long,  rising  near  Ammaif 
Kantak  in  Central  India,  the  first  325  miles  of  its  course  are  in 
rocky  conntrj;  it  emerges  from  the  Kaimor  hills  at  Bhotas,  100 
miles  from  its  confluence  with  the  Ghmges  at  Patna;  the  last  100 
miles  heing  in  the  plains.  The  river  is  three  miles  broad  at  Telothn; 
and  generallj  in  the  plains  is  two  miles  in  breadth ;  for  eight  months 
in  the  year  the  stream  is  a  quarter  of  a  mile  broad.  The  extreme 
flood  discharge  is  said  to  represent  2i  inches  of  rainfall  over  the  whole 
catchment  area  in  24  hours  (the  heavy  floods  never  exceeding  foiiir 
days)  ;  in  this  state  half  the  water  is  thrown  over  the  counlay  below 
Massaura.  The  lowest  discharge  in  dry  seasons  is  4000  cubic  feet 
per  second.  During  the  rainless  year  referred  to  in  the  table  of  dis- 
charges, the  rain  from  June  to  October  inclusive  was  at  Shahabad, 
21*3  inches;  at  Bahar,  18*9;  and  at  Patna,  19*6;  it  is  generally 
35  inches  at  each ;  though  in  the  year  following  the  rainless  year  the 
fall  at  Patna  was  50  inches.  Z 

At  Dehri,  a  town  65  miles  above  Patna,  are  the  headworks  of  the 
Son  canals,  and  the  causeway  of  the  Gh<and  Trunk  road.  The  channel 
of  the  river  here  varies  from  2  to  2|  miles  in  breadth,  and  has  a  &11 
of  from  1' 75  to  3  feet  per  mile,  and  its  flood  rise,  or  diflerence  between 
summer  and  high-flood  level,  is  from  14  to  20  feet ;  its  discharge  varies 
from  4000  to  one  million  cubic  feet  per  second.  The  bed  is  composed 
of  shingly  sand  to  a  great  depth. 

It  is  unfortunate  that  the  diagrams  of  the  gaugings  of  this  river, 
as  well  as  those  of  the  Gauges,  the  Kodra,  the  Kura,  Punpun,  Dur- 
ganti,  Chandarprobah,  Kuramnassa,  Morhar,  and  Sura,  recorded  by  the 
engineers  of  the  Son  canals  in  1872  and  1873,  are  not  yet  available. 

The  Ganges, — The  discharges  of  this  river  given  in  the  table, 
obtained  from  Beardmore's  work,  were  taken  under  the  following 
conditions : — 

1st.  The  quantities  at  Benares  were  taken  from  a  section  by  Prinsep, 
on  the  25th  April,  1829,  after  a  long  interval  without  rain :  the  area 
of  the  section  was  48  650  square  feet,  the  width  1400,  the  mean  depth 
84' 75  feet,  the  mean  velocity  23*5  feet  per  minute ;  the  mATim^rn 
discharge  at  the  same  place  was  computed,  when  the  river  was  3000 
feet  wide,  and  had  an  average  depth  of  58  feet,  and  sectional  area 
175  000  square  feet,  the  mean  velociiy  being  about  440  feet  per  minute. 

2nd.  The  gauging  at  Kot,  near  Balliah,  was  taken  by  Lieutenant 
Garforth,  in  the  first  week  of  May,  1850,  when  the  river  was  at  its 
lowest ;  the  sectional  area  was  5876  square  feet,  width  at  water-level 
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1125  feet,  mean  yelooiij  141  feet  per  minute ;  the  maximum  Telocity 
in  mid-channel  was  198  feet  per  minute,  which  greatly  exceeded  that 
in  other  places  where  the  river  was  deeper ;  the  maximum  depth  in 
this  section  was  9*42  feet  in  a  narrow  place  only  120  feet  wide,  the 
remainder  of  the  section  varying  from  4  to  6  feet  in  depth. 

3rd.  The  gauging  at  Sikrigali  was  taken  on  the  9th  March,  1829 ; 
at  this  place,  30  miles  above  the  delta,  the  Ganges  has  received  the 
Gogra,  the  Gandak,  Kusi,  Sod,  and  other  rivers,  whose  united  volume 
is  frequently  more  than  that  of  the  Ganges  proper,  Jamna,  and  other 
affluents  which  form  the  river  at  Banaras.  The  data  for  gauging  were 
as  follows :  breadth  about  5000  feet,  depth  3  to  5  feet,  sectional  area 
15  000  square  feet,  mean  velocity  about  86  feet  per  minute  ;  in  extreme 
freshes  the  breadth  is  about  10  000  feet,  mean  depth  28  feet,  sectional 
area  280  000  square  feet,  the  mean  velocity  being  about  440,  and  the 
maximum  600  feet  per  minute. 

The  GtuQges  seems  to  have  preserved  its  general  course  for  ages 
down  to  Suti,  84  miles  below  Bajmahal,  where,  at  some  period  within 
the  range  of  tradition,  some  alteration  in  the  banks  caused  it  to  be 
diverted  from  its  former  western  course,  now  known  as  the  Bhagiratti 
as  far  as  Naddia  and  as  the  Hughli  (not  an  indigenous  name)  below 
it,  to  its  present  eastern  course  by  Bampur-Bauliah  and  Jellinghi 
which  joins  that  of  the  Brahmaputra  to  form  the  Megna  estuary. 

There  is  a  lamentable  want  of  available  accurate  modem  informa- 
tion as  to  the  physical  conditions  and  discharges  of  this  river. 

The  Damuda, — This  river  rises  in  the  Sonthal  Hills,  its  upper  portion 
and  its  tributaries  being  comparatively  unknown ;  it  becomes  a  single 
and  defined  channel  at  about  23  miles  above  Raniganj,  and  passing 
through  the  coalfields  of  that  tract,  enters  the  yellow  clay  of  the 
delta  near  Bnrdwan,  52  miles  below  Kaniganj,  whence  it  continues  to 
Selimabad.  At  Selimabad,  16  miles  below  Bnrdwan,  is  an  old  branch 
of  the  Damuda,  which  flows  into  the  Hughli  above  the  town  of  that 
name  ;  but  the  present  course  is  by  Ompta  to  the  Hughli,  opposite 
Falta,  a  length  of  60  miles.  This  river  is  interesting  on  account  of 
its  floods  frequently  inundating  the  country ;  remedial  measures,  the 
improvement  of  its  embankments  and  the  damming  up  of  the  old 
branch,  were  unsuccessfrilly  attempted  in  1857  by  various  military 
engineers.  There  is  a  large  amount  of  Governmental  correspondence 
on  this  subject,  but  no  valuable  hydraulic  data ;  in  fact,  the  velocity 
tables  of  the  floods  give  as  a  maximum  77  feet  per  second,  or  5 
miles  an  hour,  or  less  than  luJf  what  it  must  be.    In  1872-73  lome 

k  2. 
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hydraulic  observationB  were  made  by  ihe  civil  engineers  emplqjed 
on  the  Orissa  canals,  but  the  records  are  not  yet  available. 

The  Damnda,  with  a  catchment  basin  of  7000  miles,  has  a  flood 
discharge  representing  *125  inch  per  hour  of  rain&ll. 

The  Makanaddi  and  its  Tributariet. — Reduced  levels  of  tlie  flood 
and  low  water  sections  of  the  Mahanaddi  for  the  last  200  miles. 

Sonpor 0  865*5  885*5 

Barmul  Pass  entrance            60  245*5  175  5* 

Do           exit       ...'       72  215*5  176*5 

Kantilu             94  165.5  185*5 

Baidessur          107  140*5  110*5 

Ghirchika          115  129*5  87*5 

Naraj      135  92*5  65*5 

Eatiak              144  77*5  55*5 

Mouth  of  Eatjuri,  Jaipor        172  87*5  15*5 

Mouth  o^  Mahanaddi              200  5*5  0 

Mean  Sea  Level           *»•        •••        •••  0 

The  Tributaries  of  the  Mahanaddi. 

Distonoe    Width  FkUof 

—  ^  .  Near  above  of  Nature  Nature  of        bed 

iTorrenwi.       ^j^^  ^^        Kattak.     Mouth.        of  bed.  stream.  per 

Milee.       Feet.  mile. 

Kaligiri...  Baidessur       87^        200     Alluvial. 

Komi Kantilu  48^        820    Eocky  above 

Burtung...  Bentpara        64}        800     Sandy  and 

rocky.  6| 

Salki Above  Boad  120i       465         Ditto.         Perennial. 

Baj     Dayah  136  700      Ditto  and 

very  rocky.     Perennial. 
Mimi Lowpara       141  400      Sandy  and 

rocky. 
Tel Sonpor  143       3470         Ditto.         Perennial. 

The  Mahanaddi  and  Katjuri  have  in  high  floods  velocities  of  7  feet 
per  second.  At  Naraj  the  Mahanaddi  emerges  from  a  rocky  ridge* 
only  f  mile  wide  into  a  wide  basin,  3  miles  broad,  and  4  miles  long, 
reaching  to  Kattak.  The  head  land  of  the  delta  at  Naraj  divides  the 
Mahanaddi  north  of  town  from  the  Katjuri  south   of  town.      The 
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upper  afflnenis  of  the  Mahanaddi  are  in  hilly  country,  and  may  be 
said  to  be  unexplored. 

From  gaugings  at  Kattak  it  appears  that  the  ordinary  embanked 
ohannels  of  the  delta  could  only  carry  off  a  flood  rising  to  20^  feet  on 
the  gauge,  and  half  a  flood  rising  to  27  feet— -hence  the  devastation  so 
often  caused  ;  a  flood  over  20^  feet  may  last  seven  days,  although  they 
remain  at  falL  height  for  only  12  hours.  There  is  a  sounding  of  80 
feet  of  water  in  the  bed  between  Baidessur  and  Dewakot,  being  16^- 
feet  below  mean  sea-level.  The  Banki  reservoir  covers  an  area  of 
150  square  miles,  having  a  mean  flood  depth  of  20  feet,  and  gives 
cue-third  of  the  relief  from  flood  that  is  required.  Total  flood  dis- 
charge from  27th  July  to  3rd  August,  1856,  761  billion  cubic  feet ; 
of  which  545  billions  can  be  carried  off  in  the  river  channels,  leaving 
216  billions  in  7  days  ^  400  000  cubic  feet  per  second  to  be  provided 
for  by  reservoirs,  cuts,  and  special  arrangements. 

The  historian  of  this  river  is  Captain  Harris,  who  laboured  many 
years  in  endeavouring  to  mitigate  the  effects  of  its  floods. 

2^  Godavari  rises  at  Nassik,  lat.  20""  0^,  long.  73°  47^  and  passes 
south  of  Aurungabad,  through  native  territory  for  450  miles,  until  it 
joins  the  Pranhita  at  Sironcha.  Its  basin  is  about  60  000  square  miles, 
or  including  its  tributaries  120  000  square  miles.  Above  Sironcha  it. 
is  unnavigable,  and  had  a  discharge  in  February,  1866,  of  only  300 
cubic  feet  per  second.  From  Sironcha  to  PalmiUa,  about  38  miles, 
the  fall  of  the  bed  is  '5  feet  per  mile,  and  this  part  of  the  river  is 
navigable ;  the  Pranhita  having  contributed  a  discharge  of  726  cubic 
feet  per  second  (Feb.  1866).  From  PalmiUa  to  Enchampilli  is  a 
barrier  of  rock  14  miles  long ;  known  as  the  second  barrier  of  the 
Godavari,  above  which  the  river  is  1300  yards  wide.  From  Encham- 
pilli to  Dammagudiam,  70  miles,  the  river  has  a  fall  of  1  foot  per 
mile.  At  Dammagudiam  there  is  a  barrier  of  rock  8  miles  long, 
known  as  the  1st  barrier  of  the  Gk>daveri ;  at  this  place  the  river  is 
1760  yards  wide,  the  discharge  being  1875  cubic  feet  per  second  in 
May,  and  9375  cubic  feet  per  second  in  January,  having  a  current  of 
3  to  5  miles  an  hour.  At  Oollagudium,  about  20  miles  below  this 
barrier,  the  discharge  in  Feb.  1866  was  2825  cubic  feet  per  second. 
At  Palaveram  the  river  emerges  from  the  hills,  80  miles  below  the 
1st  barrier,  and  20  miles  from  the  town  of  Bigahmandri,  which  is  4 
miles  from  Dowlaishwaram,  the  head  of  the  delta :  for  these  104 
miles  the  fall  is  about  *5  feet  per  mile.  At  Palaveram  the  river  gorge 
is  only  200  yards  wide  (February,  1866),  but  the  floods  rise  to  60  feet 
above  the  February  level ;  very  high  freshoa  qqct&x  V>MNft  ^Yax^^VcL^^DSk 
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mansirn  and  last  for  four  or  five  days;  ibe  general  veloeiiy  of  the  straam 
then  being  6  miles  an  honr.  The  river  is  navigable  from  Sirondui 
downwards,  excepting  at  the  bairiers*  dozing  the  mansimB  only,  t.tf. 
from  December  to  Maj.  It  has  three  nnnavigable  tributaries ;  tlie 
Indrawatti,  joining  it  above  the  2nd  barrier,  which  is  300  miles  long, 
discharging  150  cubic  feet  per  second  (Feb.  1866) ;  the  Sibberi,  200 
miles  long,  discharging  500  cubic  feet  per  second  (Feb.  1866),  uid 
joining  it  below  the  1st  barrier ;  and  the  Jal,  100  miles  long. 

From  Sironcha  to  the  Ist  barrier  the  river  channel  has  no  per- 
manence of  form,  it  shifts  its  course,  and  forms  large  banks  and 
shifting  shoals ;  the  banks  are  soft,  and  the  rocks  that  occur  are  sand- 
stones and  sometimes  limestones.  From  the  1st  barrier  to  the  head  of 
the  delta  the  channel  is  comparatively  permanent,  the  banks  are  tough, 
the  sand  is  large  and  coarse  grained,  requiring  a  powerful  current  to 
displace  it,  the  rocks  are  unstratified,  and  form  natural  groins,  which 
aid  in  giving  permanence  to  the  channel.  From  the  delta  head  down- 
wards^tho  river  runs  in  a  natural  embankment,  6'  to  24  feet  above  the 
level  of  the  country ;  its  bed  falls  *5  feet  per  mile,  the  summer  water 
surface  '7  feet  per  mile,  and  the  high  flood  surface  1*25  to  1*50  feet  per 
mile,  down  to  the  mouth,  40  miles  below.  In  the  delta  the  river, 
when  in  full  flood,  has  a  width  of  2^  miles,  and  a  surface  velocity  of 
4i  miles  an  hour ;  the  rise  of  surface  varies  from  20  to  50  feet ;  the 
last  two  feet  of  rise  being  never  maintained  for  more  than  two  hours. 
From  the  middle  of  June  to  the  middle  of  September  the  volume  ia 
always  more  than  12  000  cubic  feet  per  second ;  during  the  rest  of 
the  year  8000  cubic  feet  per  second  is  considered  its  ordinary  minimum 
supply.  In  excessively  dry  years  the  discharges  have  been  as  follows : 
December,  16  875  cubic  feet  per  second  ;  January,  8047 ;  February, 
3825 ;  March,  2782 ;  April,  2047 ;  May,  1687 ;  first  half  of  June, 
1500  cubic  feet  per  second. 

The  Upper  Tributaries  of  the  Qodavari^  that  together  form  the 
Pranhita,  which  is  90  miles  long  from  Tallodhi  to  Sironcha,  are  the 
Warda  250  miles  long,  which  rises  in  the  Satpura  range,  and  after 
being  joined  by  the  Wunna  at  the  falls  of  Dindora,  becomes  navigable 
for  the  last  100  miles  of  its  course  ;  the  Painganga,  which  rises  in  the 
hills  south  of  Berar,  and  after  an  nnnavigable  course  of  320  miles, 
joins  the  Warda  above  Chanda ;  and  the  Wainganga,  which  rises  in 
the  Satpura  range  north  of  Nagpur,  takes  a  course  of  430  miles, 
nnnavigable,  and  joins  the  Warda  at  Tallodhi.  The  Pranhita  is  like 
the  lower  portion  of  the  Warda  navigable  for  three  months  in  the 
year,  from  Tallodhi  to  Dowalmarri,  whoitx  thci*c  is  a  baiTicr  of  rock 


[28] 

86  milea  long ;  below  this  to  Sironclia  it  is  navigable  for  four  months. 
The  fSsdl  of  its  bed  is  about  1  foot  per  mile,  so  also  is  that  of  the 
Warda  in  its  navigable  portion.  Above  this  the  Warda  falls  4  feet 
per  mile,  and  the  Wanna  2  feet  per  mile.  The  Wainganga  has  a  fall  of 
546  feet  in  192  miles,  from  Elamptito  its  mouth,  or  2*8  feet  per  mile. 

In  1864-67  an  attempt  was  made  by  Col.  Haig,  aided  by  Captains 
Roberts  and  Jackson,  to  open  a  navigable  communication  from  Din- 
dora  to  the  coast ;  it  was,  however,  at  last  abandoned,  on  account  of 
its  excessive  expense. 

The  Kittna  rises  north  of  Sattara,  Bombay  presidency,  in  latitude 
18°»  and  enters  the  sea  35  miles  SW.  of  Masulipatam ;  its  catchment 
area  being  30  000  square  miles.  It  is  a  perennial  river  600  miles  long, 
entering  the  plains  at  80  miles  from  its  mouth,  and  there  becoming  an 
important  river,  is  utilized  in  irrigation.  In  the  dry  weather,  from 
November  to  June,  its  supply  is  very  small,  being  derived  principally 
from  springs  in  its  bed ;  from  July  to  October  it  varies  much,  oven 
falling  as  much  as  10  feet  in  24  hours.  In  full  mansnTi  there  is  a 
constant  stream  20  feet  deep,  the  crest  of  its  banks  is  from  20  to  40 
feet  in  height,  and  its  section  from  1}  to  2f  miles  broad.  At 
Bezwara,  the  head  of  the  delta,  60  miles  from  the  sea,  where  are  the 
last  outlying  spurs  of  the  hills  and  the  anient  or  dam,  the  river  is 
1300  yards  wide,  and  has  a  depth  in  dry  seasons  of  from  5  to  6  feet, 
in  average  freshes  of  31,  and  in  highest  freshes  of  38  feet.  In  the 
delta  it  runs  on  an  elevated  ridge,  having  an  average  fall  to  the  sea  of 
1  foot  per  mile,  varying  from  '9  to  1*1  feet ;  the  fall  of  the  country 
on  both  sides  towards  the  sea  being  1*5  feet  per  mile.  The  irrigation 
of  the  delta,  commenced  by  Captain  Orr,  provides  for  taking  off 
3500  cubic  feet  per  second  for  each  side  of  the  river,  but  these 
works  are  still  in  an  incomplete  state ;  the  irrigable  area  on  each  bank 
being  capable  of  utilizing  32  000  cubic  feet  per  second  during  the 
season  of  cultivation. 

The  tributaries  of  the  Kistna. 

The  Tungabaddra,  the  most  important  tributary  of  the  Kistna,  has  a 
length  of  about  213  miles  from  Gutal,  where  its  upland  tributaries, 
the  Tunga,  the  Baddra,  and  the  Choardi  join  the  Warda^  to  its 
junction  with  the  Kistna,  at  about  81  miles  below  Kamul.  These 
four  upland  tributaries  drain  an  area  of  3754  square  miles  in  the 
province  of  Maisur,  a  portion  of  which  is  hilly  country,  having  a 
downpour  of  135  inches,  the  remainder  being  plains  with  a  down- 
pour of  only  24  inches. 
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Of  these,  the  Warda,  draining  610  square  miles,  has  mei^y  a  few 
small  anicnts  on  its  feeders  ;  its  ordinary  mansnn  discharge  is  zonghly 
assumed  to  be  5000,  and  its  maximum  flood  discharge  SO  000  cnbio 
feet  per  second.  The  Haggri — joined  by  its  affluent,  the  Chimui 
Haggri,  which  fisdls  into  it  near  Mukalmuru — feeds  the  large  Eyen- 
kaira  and  Maddak  tanks  in  a  comparatively  rainless  district,  and  may 
eventually  also  supply  an  intended  large  reservoir  at  the  Mauri  Knna- 
wai  pass,  where  its  discharge  has  been  gauged  for  two  years,  giving  as 
an  ordinary  mansun  discharge  4500  and  as  a  maximum  flood  discharge 
50  000  cubic  feet  per  second. 

The  Tunga,  after  being  joined  by  the  Baddra  at  Kudli,  is  joined  by 
the  Choardi  at  10  miles  above  Harihar,  and  at  Harihar  itself  by  the 
Sulikerri ;  the  maximum  flood  discharge  of  the  combination  of  the 
three  at  the  large  bridge  at  Harihar  has  been  determined  to  be 
207  843  cubic  feet  per  second,  and  the  ordinary  mansun  discharge 
roughly  calculated  to  be  30000. 

At  Wallabapur,  after  a  course  of  55  miles,  the  Tungabaddra  is 
joined  by  two  tributaries,  and  at  its  120th  mile  by  the  Haggri,  after 
which  it  passes  Sunkesala  at  its  175th  mile,  and  Kamul  before  joining 
the  Kistna.  At  Sunkesala  are  the  headworks  of  a  series  of  canals, 
flowing  fchence  to  Caddapa ;  and  Wallavapur  is  the  proposed  site  of 
headworks  for  a  high-level  canal,  thence  passing  Ballari  to  Kamul. 
In  order  to  afibrd  further  supply  to  these  canals,  it  was  proposed  to 
enlarge,  existing  reservoirs  and  make  others  on  the  upland  tributaries  of 
this  river ;  and  with  this  view  some  gaugings  were  made  on  them  for  six 
months^  from  June  to  November  1865,  giving  the  following  results : — 

Sq.  milea. 
The  Tunga,  at  Shemuga    ...       950 

The  Baddra,  at  Benkipur  ...       884 

The  Choardi  to  Maddak  tank      486 

The  Haggri,  at  Heriur      . . .     1400 

The  Tungabaddra  at  Wallabapur 

The  Tungabaddra  at  Sunkesala 

The  proposed  reservoirs  on  the  tributaries,  intended  to  store  the 
above  supplies,  and  render  the  present  Tungabaddra  canals  perennial, 
are  the  Mudaba  on  the  Tunga,  the  Lakkawali  on  the  Baddra,  the 
Masur  on  the  Choardi,  and  the  Mauri  Kunwai  on  the  Haggri. 

Further  information  about  the  upland  tributaries  is  given  among 
the  tabular  data  of  the  rivers  of  Maisur. 


Million  cub.  ft. 

Inches  ran  oC 

229  662 

108 

125  928 

63 

54  000 

50  in  floods. 

1350 

356  940 

569  700 
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The  Penner  rises  in  Maisur,  abont  150  miles  above  the  Madras 
Railway-bridge,  down  to  which  point  its  catchment  area  is  4500  square 
miles.  At  Pemr,  where  its  upland  tributaries  have  joined  it,  the 
channel  is  larger  and  becomes  important ;  from  this  poinfc  its  course  is 
about  110  miles  in  leug^h,  without  having  any  important  tributaiy,  to 
its  junction  with  the  Chittravatti  above  Jamalmagdu,  where  the 
catchment  area  of  the  latter  stream  is  3325  square  miles :  the 
maximum  flood  discharge  of  the  Chittravatti  is  23  100  cubic  feet  per 
second,  and  its  ordinary  mansun  discharge  is  about  one-tenth  of  that* 
About  40  miles  below  this  its  tributaries  the  Kunder  and  the  Papagni 
rejoin  it,  the  one  having  a  catchment  area  of  3000,  the  other  of 
2460  square  miles:  the  latter  has  a  maximum  flood  discharge  of 
5244  cubic  feet  per  second,  and  an  ordinary  mansun  discharge  of  about 
one-tenth  of  that.  At  32  miles  below  this  the  Sugaler  and  the  Cheyer 
join  it.  At  18  miles  below  this,  and  at  70  miles  from  its  debouchment 
into  the  sea,  is  Someshwaram,  where  the  river  leaves  the  Western 
Ghats,  the  site  of  the  proposed  headworks  for  a  deltaic  canal  to  irrigate 
the  Nellor  side  of  the  delta.  The  total  length  of  the  river  from  Perur 
to  the  sea  is  about  270  miles.  Its  upland  tributaries  in  Maisur  are 
utilized  (see  tables  of  the  rivers  of  Maisur),  but  for  the  rest  of  its 
course  down  to  the  head  of  the  delta  the  river  now  flows  dn  unimpeded. 
On  the  Kunder,  at  25  miles  above  its  junction  with  the  Penner,  is  the 
Bajoli  D{un  and  subsidiary  headworks  of  the  chain  of  canals  from 
Sunkesala  to  Caddapa  ;  the  tributaries  of  the  Kunder  are  also  utib'zed 
in  the  same  way,  affording  irrigation  to  the  large  valley  of  the 
Kunder. 

For  the  greater  part  of  the  year  the  Penner,  as  low  even  as  the 
Madras  Railway  bridge,  is  dry  at  the  surface,  though  at  from  1  to  4 
feet  in  the  bed  plenty  of  water  can  always  be  found.  The  ordinary 
mansun  floods  are  -  6  to  8  feet  deep ;  the  extraordinary  floods,  13  feet 
At  the  bridge-site  the  river  is  1550  feet  wide  ;  the  soil  is  day  for  5 
feet,  gravel  mixed  with  clay  and  kunkur  nodules  for  4  feet  more, 
resting  on  a  layer  of  sand,  superimposed  on  hard,  dark  green  kunkur. 

l%e  Kaveri  rises  in  the  Western  Ohats,  and  has  a  catchment  area, 
together  with  its  delta,  of  32  000  square  miles.  It  is  fed  by  both 
mansims,  and  its  volume  is  abundant  from  the  beginning  of  June  to 
the  end  of  December.  The  discharge  on  the  4th  December,  1833,  at 
the  head  of  the  delta,  was  16  875  cubic  feet  per  second,  according  to 
Col.  Cotton :  but  in  high  flood  the  discharge  is  as  much  as  320  625  cubic 
foet  per  second.    From  January  to  May  the  discharge  is  small^  mn5iK 
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1608  than  16  000  cubio  ftet  per  second ;  though  theare  are  fireshetB  in 
March  and  April  dne  to  local  storms.  Aboye  Seringham,  in  Tailor,  the 
Kaveri  divides  itself  into  the  Kaveri  and  the  Kalenin  branches,  wliich 
irrigate  the  delta,  none  of  the  water  reaching  the  sea ;  this  is  due  to 
the  grand  anient  of  Seringham,  constructed  by  the  Telinghi  rajas  in 
remote  antiquity,  and  restored  and  remodelled  bj  CoL  Cotton,  between 
1880  and  183G.  The  slope  of  the  main  stream  above  the  bifncation 
is  3*5  feet  per  mile  ;  from  that  to  Seringham,  that  of  the  Kalemn  is 
2  feet  per  mile ;  from  Seringham  to  the  sea  coast,  its  average  slope  is 

1  foot  per  mile.  The  general  Ml  of  the  main  Kaveri  branch  is  *4  feet 
per  mile  less  than  that  of  the  Kalamn.  Before  1830,  12  622  cabic  feet 
per  second  was  utilized  in  irrigation  frt>m  the  Kaveri  branch,  and  4125 
cubic  feet  per  second  from  the  Kalarun,  or  16  474  cubic  feet  per 
second  in  all,  out  of  16  875.  In  1833,  the  works  constructed  by 
CoL  Cotton,  utilized  9375  cubic  feet  per  second  from  the  Kaveri  and 
7500  from  the  Kalerun,  the  latter  suffering  as  much  from  fly<?Ma  as 
the  former  from  deficiency.  In  1845  CoL  Sim  made  a  regolatinff 
dam  across  the  head  of  the  Kaveri,  and  lowered  the  Kalamn  ^^^m 

2  feet,  since  when  the  regimen  has  been  perfectlj  under  controL  The 
Kalerun  is  now  not  only  a  channel  of  irrigation,  but  is  also  the  great 
drainage  channel  of  the  delta ;  the  Kaveri  is  a  channel  of  irrigation 
only,  its  entire  volume  being  subdivided  into  small  channels,  and 
entirely  utilized,  although  in  its  upper  portion  it  is  a  mile  in  width. 
Information  about  these  works  is  given  under  the  head  of  the  Kalenin 
deltaic  canals. 

The  Tributaries  of  the  Kaveri,  consistiog  of  the  Upper  Kaveri,  the 
Somavatti,  Hemavatti,  Lachmantirth,and  Lokani,  join  above  Seringa- 
patam.  Their  combined  maximum  flood  discbarge  at  Bannur,  below 
that  town,  has  been  roughly  determined  to  be  239  000  cubic  feet  per 
second ;  the  ordinary  mansun  discharge,  for  a  depth  of  8  feet,  is 
about  36  000  cubic  feet  per  second.  The  other  tributaries  are  the 
Kabbani,  the  Arkavatti,  and  the  Shimsha ;  the  maximnm  flood  dis- 
charge of  the  Kabbani  at  Nanjengod  is  calculated  to  be  G3  700  cubio 
feet  per  second,  its  ordinary  mansun  discharge  about  one-tenth  of 
that ;  the  maximum  and  ordinary  mansun  discbarges  of  the  Arkavatti 
at  the  Mangadi-road  bridge  are  calculated  to  be  50  000  and  3500 
cubic  feet  per  second ;  the  discharges  of  the  Shimsha  are  assumed  to 
be  identical  in  quantity  with  the  latter.  Some  further  information 
about  these  tributaries  is  given  in  the  data  of  the  rivers  of  Maisur. 

The  Tamhrapwrni,  rises  in  the  Western  Ghuttf,  having  its  principal 


source  in  the  valley  of  Papanassan,  drams  a  large  tract  of  Hilly  and 
woodland  country  under  the  influence  of  both  mansuns,  and  fiedls  into 
the  sea  south  of  Tuticorin.  Its  catchment  area  is  200  square  miles ; 
its  course  for  20  miles  is  in  forest  covered  mountains,  where  the  rain- 
fall is  from  200  to  300  inches ;  and  for  70  miles  in  plains  at  the  foot 
of  the  hills,  where  the  rainfall  is  from  20  to  30  inches;  for  the 
remainder  of  its  course  it  receives  a  rainfall  of  only  18  inches.  Its 
fall  at  Papanassan,  and  that  of  its  tributary,  the  Chittar,  at  KurtaUam, 
are  renowned  for  their  beauty,  and  are  considered  sacred.  There  are 
seven  native  anicuts  on  the  Tambrapumi,  four  on  the  Ghittar,  and  two 
on  the  Mannemubuar :  in  addition  to  that  now  nearly  constructed  at 
Strivigantam  by  the  English.  Its  floods  commence  in  June,  when 
they  are  sometimes  10  feet  deep,  and  frequently  recur  during  the 
next  six  months,  or  during  the  north-east  mansun.  The  drainage 
from  the  hiUs  keeps  a  hot  weather  stream,  at  Strivigantam,  of  about 
814  cubic  feet  per  second,  and  never  less  than  198  cubic  feet  per 
second  in  March;  during  the  six  months  the  discharge  is  not  less 
than  600  cubic  feet  per  second.  The  amount  of  its  discharge 
utilized   for  irrigation  is    thus  estimated  in   the  Government  re* 

cords  :-^ 

Cubic  yunds. 
For  225  days  of  1st  crop  at  32  cubic  yds.  per  sec.  =  287  600  000 

For    45  days  for  2nd  crop  at  15  cubic  yds.  per  sec  =:   58  320  000 

For   45  days  for  2nd  crop  at  7|  cubic  yds.  per  sec  =    28  382  400 

Average  depth  at  Strivigantam  7  feet^  fall  2i  to  3  feet  per  mile, 

velocity  5  to  5*6  feet  per  second. 

The  Upar. — The  discharge  of  this  stream  has  not  been  measured, 
nor  are  any  observed  velocities  mentioned  in  the  Madras  government 
records,  but  its  flood  discharge  has  been  thus  approximated  to 
by  calculation.  Its  catchment  area  is  342  square  miles,  and  it  is 
supposed  that  there  is  a  maximum  rainfall  in  24  hours  of  8  inches 
over  one-fourth  of  it,  of  4  inches  over  another  fourth,  and  of  2  inches 
over  the  remainder,  and  that  the  stream  carries  off  one-fourth  of  this, 
three-fourths  being  lost  by  absorption  and  evaporation.  This  gives  a 
flood  discharge  of  8850  cubic  feet  per  second. 


[28] 


A  LIST  OP  THE  PRINCIPAL  CANALS  OP  INDL/L. 


Perennial  Canals  in  Northern  India, 

FULLY  DEVKLOPED.  Supply, 

Source.         adual  or  iiiiei|ded. 
C.  ft  perieo. 

The  Western  Jamna  Canal The  Janina  ...      2372 

The  Eastern  Jamna  Canal    The  Jamna  «..       1068 

HALF  DEVXLOPBD. 

The  Gkmges  and  Lower  Ganges  Canals    The  Ganges  •••       5100 
The  Bari  Doab  Canal  The  Ravi      ...       2201 

UNDEBOOnrO  BEHODELLnrO. 

Canals  in  the  Dun  and  in  Bohilkand. 

UNDER  CONSTBUCnON. 

The  Sarhind  Canal The  Satlaj     ...      3000 

The  Agra  Canal  The  Jamna    ...       2000 

The  Orissa  Canals  The  Mahanaddi  varions. 

The  Son  Canal  The  Son         ...      5300 

The  Sakhar  Canal  The  Indus     ...  onknown. 

Inundation  Canals  in  Northern  India. 

The  Upper  Satlaj  Canals  ...  aggregate  length      224  miles. 

The  Lower  Satlaj  Canals  ...  „  418      „ 

The  Chenab  Canals        ...    '     ...  „  222      „ 

The  Jhclam  Canals         ...         ...  „  unknown. 

The  Indus  Canals  in  the  Panjab  „  577  miles. 

The  Indus  Canals  in  Sind  •••  „  unknown. 

Perennial  Canals  in  Southern  India. 

Supply. 

The  Tungabaddra  Canals  (not  yet  rendered  perennial)    ...       375 

Inundation  Canals  in  Southern  India. 

The  Deltaic  canals  and  anicuts  of  the  Madras  presidency. 
Minor  Canals  in  the  Bombay  presidency. 
The  anicuts  and  channels  of  Maisur. 
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FimanekU  StaHHim  <^  OaitaU,  PwgiA. 
Absbroct  of  Kesulte  on  the  Western  Janma  Canal. 


i 

C»piUI  OatU?. 

■Working 

Direct 

EoTeno*. 

Total 
Krtant 

|,g 

Original 

if 

1^ 

Total 
to  end  of 

to  1821  19  443 

£ 

£ 
19  443 

£ 
.532 

1136 

£ 

£ 
1136 

ZT 

1821-22 

2  568 

111 

111 

_ 

1822-23 

3  692 

-1065 

-1065 

—5 

1823-24 

... 

5  056 

-    514 

-  514 

-2 

1824-25 

5  756 

-2  532 

12  000 

9  468 

49 

1825-26 

414 

4L 

21894 

6  861 

—    945 

12  000 

11055 

57 

1826-27 

1814 

181 

19898 

7  090 

-2  875 

12  000 

9125 

47 

1827-28 

... 

7  862 

-2  583 

12  000 

9417 

47 

1828-29 

... 

8  388 

-    556 

12  000 

11444 

52 

1829-30 

494 

49 

22  438 

8  479 

—    219 

12  000 

11781 

54 

1830-31 

9  337 

-    733 

12  000 

11266 

50 

1631-32 

10  206 

-2118 

12  000 

9  882 

44 

1832-33 

10  797 

—1186 

12  000 

10814 

48 

1833-34 

7  201 

720 

30  359 

9  982 

7  701 

12  000 

19  701 

88 

1834-35 

9  028 

903 

40  290 

10  874 

3  652 

12000 

15  652 

52 

1835-86 

62  222 

6222 

108  734 

4  755 

9  759 

12  000 

21759 

54 

1836-37 

338 

34 

109106 

9439 

9  642 

12  000 

21642 

20 

1837-38 

3174 

317 

112  598 

10170 

19  797 

12  000 

31797 

29 

1838-39 

4604 

460 

117  663 

8  227 

13  913 

12  000 

25  913 

23 

1839^X) 

626 

63 

lie  351 

9314 

16  568 

12  000 

28  568 

24 

1840^1 

3118 

312 

121  781 

9  224 

19  634 

12  000 

31634 

27 

1841-12 

1212 

121 

123  114 

9  520 

19  937 

12  000 

31937 

26 

1842^43 

2  512 

251 

125  877 

10  847 

20  279 

37  256 

57  535 

47 

184S-44 

841 

84 

126  802 

10  314 

18  785 

37256 

56  041 

45 

1844^45 

26+ 

26 

127092 

16  927 

9104 

37  256 

46  361 

37 

1845-46 

1718 

172 

128  962 

14161 

15  727 

37256 

52  983 

42 

1846-47 

5  677 

568 

135  227 

13190 

17  092 

37  256 

54  348 

42 

[31] 


Financial  SiaiisHcs  of  CanaU, — Panjah, 
Abstract  of  Results  on  the  Western  Jamna  Canal. 


1 

Capital  Oatlay. 

Working 
Expenses. 

Direct 
Berenne. 

Total 

* 

yearly 
Betom. 

Peroentage  of  net 
BeTenne  on  CapiM. 

« 

irrigated. 

Original 
Works. 

Establiahment  ft 
other  charges. 

Total  to 
end  of 
year. 

1847-48 

£ 
555 

£ 
55 

£ 
185  888 

£ 
10  639 

£    ' 
18  529 

£ 
55  786 

41 

1848^9 

6  050 

606 

142  498 

12  468 

18  491 

66  747 

41 

1849-50 

2  087 

209 

144  788 

14117 

17856 

54  611 

38 

1850-51 

842 

84 

146  164 

13  798 

16  732 

53  988 

37 

1861-52 

11248 

1125 

157  537 

12  648 

19  865 

67  in 

39 

1852-53 

7  550 

755 

165  842 

15  008 

17647 

54803 

36 

1858-54 

6  871 

687 

173  400 

12  603 

21928 

59185 

38 

1854-55 

1951 

195 

175  547 

10  297 

18  988 

56  239 

32 

1855-56 

984 

127 

176  657 

12  424 

21871 

59127 

34 

1856-57 

1956 

261 

178  874 

16  938 

9  386 

46642 

26 

1857-68 

491 

81 

179446 

10  664 

12  754 

50  011 

28 

1858-59 

1888 

261 

181545 

16  818 

16  632 

63888 

30 

1859-60 

2  222 

330 

184096 

20  817 

16816 

53578 

30 

1860-61 

8  721 

493 

188  810 

21865 

24470 

61726 

38 

454292 

1861-62 

8906 

1185 

198  401 

22  250 

18147 

56404 

29 

372  680 

1862-63 

4096 

1449 

208  946 

17426 

17  586 

54848 

28 

308  361 

1863-64 

6846 

4  618 

216  408 

16408 

23  297 

60  653 

80 

851 687 

1864-65 

10019 

476 

226904 

21179 

—5  710 

81547 

16 

434964 

1866-66 

903 

859 

227666 

20286 

28477 

66  783 

20 

397  968 

1866-67 

446 

804 

228417 

28150 

34229 

71486 

31 

447171 

1867-68 

1795 

864 

230677 

28  711 

66  313 

103  569 

46 

831 037 

1868-69 

10  716 

5  696 

246  989 

24102 

89  574 

76  830 

33 

486878 

1869-70 

7  989 

7  955 

262  884 

88  979 

74405 

111  611 

46 

496542 

1870-71 

4816 

11474 

279  178 

88  878 

116  884 

164140 

59 

462  707 

1871-72 

5  780 

13  084 

298086 

87645 

71661 

108907 

39 

444385 

1872-78 

8454 

9  895 

811698 

40118 

62182 

99438 

83 

351 821 

[32] 


Finaneial  Statittiet  of  Oa»aU.—Norik-Wett  Fnvinett. 
Abstract  of  £eealta  on  the  Eastem  Jamna  Canal. 


i 

C«piUl  OMUj. 

peiuet. 

Direct 

Beraine. 

Indir«!t 

ToUl 
EMimi. 

kmv 

Origu.1 

11 

11 

ToUllo 
end  of 
jau. 

182Sto 
1830-31 

£ 
|31124 

12  676 

43  800 

£ 

£ 

£ 

£ 

1830-31 

to 
1846-47 

^48  074 

4  907 

97  781 

97  622 

21454 

1S47-48 

1435 

113 

99  360 

6904 

12  503 

14965 

106  705 

l848-i!» 

3^54, 

S25 

102  939 

7042 

15  055 

1819-50 

3460 

316 

106  745 

8  016 

16183 

1850-51 

304 

30 

107  079 

7  392 

15  914 

1851-52 

2  558 

230 

109  893 

7  726 

13  079 

1852-53 

3057 

306 

113  256 

8  279 

1?325 

1853-54 

5  315 

531 

119  102 

7  872 

14  993 

1854-05 

16  376 

1688 

137  C66 

9  565 

14  479 

1855-56 

12  691 

163? 

151994 

8188 

9  688 

1866-57 

5180 

691 

157  865 

13  540 

12  997 

1857-58 

1351 

223 

159  440 

7  691 

6645 

1858-59 

2  260 

337 

162  036 

9  255 

12  483 

154  006 

1859-60 

893 

81 

163  610 

10  575 

20  924 

... 

227  489 

1860-61 

973 

141 

163  624 

11376 

28  9*1 

... 

261  327 

1861-62 

603 

3  071 

167  298 

11305 

22  873 

231310 

1802-63 

1346 

-300 

168  343 

8  518 

25  696 

3800 

29496 

13 

184  232 

1863-64 

1218 

1732 

171 283 

10  799 

23  217 

6  000 

29  217 

11 

181  331 

1864-65 

3  366 

432 

174981 

12  518 

36  539 

6000 

42  539 

18 

225  266 

1865-66 

2  876 

1612 

179  469 

13  061 

41463 

6O0O 

47  463 

20 

160  355 

1866-67 

2  844 

2  2G9 

184  582 

12  247 

43131 

17  769 

60  900 

27 

239  655 

1867-OS 

4  930 

1816 

191  328 

14  208 

56  560 

17  769 

74  329 

33 

182  544 

1868-69 

4904 

1246 

197  479 

15  488 

50  624 

17  769 

68  393 

28 

274 101 

1869-70 

2  779 

282 

200  539 

16  503 

66  72S 

17  769 

83  497 

34 

251067 

1870-71 

2  324 

303 

203  166 

18  096 

60104 

17  769 

77  873 

30 

212  715 

18?l-72 

1973 

-204 

204  935 

19  880 

51  026 

17  769 

68  795 

24 

192  749 

1872-73 

1895 

■ 

-6S4 

206177 

21916 

56  254 

12  307 

68  561 

23 

184154 
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Financial  Sialistics  of  Canals  in  tie  Fanjah, 


Capital  acconnt  of  the  Western  Jamna  Canal,  to  the  end  of  1872-73 


Detail 


WOBKS. 

A.  Temporary     Works    (to    maintain 

supply)    ... 

B.  Cost  of  Land 

C.  Masonry    Wbrks.-r'l,  Main    Canal 

and  branches 
a   Dams,  and  regulating  works  . . . 
h.  Falls  and  weirs... 
€•  Aqnedncts  ... 

d.  Escapes  •.•         ••• 

4  Supply  of  tanks...      *   ... 
5.  Road  bridges     •••         ••• 

8.  Buildings  ••• 

D.  Earthwork, — 1.   Main  Canal    and 

branches..**         ...         •••         ... 

3.  Drainage  works 

£.  Miscellaneous 

Total  Main  Canal,  and  branches  ••• 

Distributing  Channels. 
C.  Masonry  works, — d.  Irrigation  Out- 

16u9  •••  ...  ...  •«» 

Expenditure  on  general  works  up 
to  1863-G4 


Total  on  Woeks 

ESTABLISHMSNT,    GENERAL. 

Direction 

Executive 

Survey 


••• 


... 
••• 


Total  on  Estabmshment 

Tools  and  Plakt. 
Total  on  Tools  and  Plant 


Add  or  deduct  fluctuations  of  suspense 
balance  :  for  stock,  sales,  and 
advances  Total 

Total  Capital  Outlay.    £ 


PreTloiu. 


3  316 


2  487 

9  060 

248 

568 

1555 

1679 

201 

18  542 
1714 
1312 


40  486 


194  341 


234  827 


56  645 


1407 


292  879 


5158 


In  1872-73 


78 

29 


1017 
836 

... 
... 
•  ■• 
••• 
330 

948 

... 
138 


2  877 


576 


3453 


908 
4430 
5417 


10  755 


19 


14  228 


-572 


298  037  1 13  656 


Total 


78 
3  345 


3  504 

9  387 

248 

563 

1555 

1679 

350 

19  490 
1714 
1450 


43  364 


576 
194341 


238  281 


••• 
••  • 
• . . 


67400 


1426 
307107 


4  586 


aiv^^^ 


\ 


wmimr  -%/  rjt^ 


•9u£*i£  L^73-« 


>fttiL 

J: 

0.1.7^^1 

^■^^^^M 

'S'.sa.i. 

£ 

^ 

£ 

•  > 

<4*r  1^  Dtmt.., 

... 

tff^V^V 

II , 

7333 

*  « 

I 

Bid 

*.  :,in:-'*  mil  j-»gTarng  -r-rrsn 

^«. 

•  -J  #  ^^ 

li* 

75^1? 

4.  ?iJii  uii:  ▼■an                — 

_«. 

:.]7  ±« 

•5»>r5^ 

143:^17 

<  JLaTu*fia«:r.4           ...         — 

... 

17-^3: 

M« 

I78Sai 

4  fMTStti^A   .-.         .—         — 

I-}  -tr-fc 

M* 

15  474 

-ir  rj?!t;.3:iC*i  ▼ '  ria ... 

^^w 

±4rj 

•'»« 

2471 

^.  fo-Aii  i-r:iia««      — 

«** 

IiliS  •?*jl 

'M 

\m^^ 

<  5r*Ti.2TUu:n  ir-.rk:* 

*  ■  - 

i?*>i'.- 

•  ^itf 

lSd4» 

#  «•  JflvAcn                •••                 •>•                  »-» 

•  •* 

I±rT 

M»a 

12i57 

^r.  ISriTAi-niZ^          *  ... 

m»-m 

±i014 

->3>> 

23^dO 

D, 

JE^rrfib>ir:9rfe 

1 

K  JUiin.  Ca.nal  %nid  branftiws 

m 

432  r»» 

5^'>3 

436  601 

^,  r>ntcacr^  w-.rk* 

mmm 

7  101 

•«• 

7  loi: 

'P.  y*Tl7asu->t;  ChanijeLi     — 

•  •  • 

Slv3 

8  Ids 

K, 

M*A^Jtllmm0»'U 

•  •« 

»>>  7^> 

4o 

615  782 

F, 

FUn^tmii^mM              

TotflJ  Mam  CasAl  and  brancfaes 

5»7 

••• 

5o07 

:-21  27r; 

11 3i^ 

932  674 

f>uitnkatin^  Channels 

■ 

1 

fr 

0>*/  of  Lnnd 

•  •• 

3  -Sorf 

■  *■ 

3  567 

r:. 

M/uonrtf  trorkt,  d,  Iff.-ad  nlfiice« 

and 

• 
1 

rf;((nlatin(;(  wr>rkA 

.>343 

113 

5  456 

/a  VMn  and  weini  ... 

#  #  V 

11194 

•  •• 

11194. 

^,  \t\nt'AnrAM 

14  032 

•  •  • 

14  0321 

d.  lrn^;iiion  oiitlcrtH 

6113 

815 

6  928; 

r>. 

HartJiwork 

Total  on  Works 
Kr'.iAnwanMRNT,  Okxkbal. 

••• 

73  C407 

243 

74  210 

1  035  492 

12  569 

1048  061 

Dirnrh'on 

•  •  • 

•  • . 

17G1 

*  *  • 

FiXf^rrriiivo    ... 

■  •  • 

• .  • 

11354 

■  •  • 

MniJicaJ 

TdUll    KHTAriMSIIMENT 

TociIm  fiTuI  riant      

... 
... 
•  •  • 

••• 

51 

... 

202  715 

13  IG6 

215  881 

40  858 

70 

40  923 

Trofli  Hflll   loHH 

•  V  • 

4  477 

•  •  • 

4  477 

KltuiliiivtiohN  of  HUHponHo-balanco... 
Tcital  Capital  Outlay    ... 

21)  592 

23 

29  615 

1  319  129 

25  828 

1  344  957 

[35] 
Financial  SUdiHici  of  CanaU  in  the  North-  West  Provinces. 
Capital  aocount  of  the  Eastern  Jamna  Canal,  to  the  end  of  1872-73. 


Detail. 

Preyioos. 
£ 

• .  • 

103 

545 
168  737 

In  1872-78. 

Total. 

Works. 
Main  Canal. 

C.  Masonry  works.     Syphon 
Bridge         ...          •••          •*• 
Building    ...         ...          ...          ••• 

D.  Earthworks.     Canal  banks 
Drainage  works — sheds     ... 
Other  works 

Total  Main  Canal     ... 

Distributing  Channels. 

The  cost  of  these  is  not  shown,  they 
were  made  by  the  cultivators  ... 

C.  Masonry  works       

D.  Earthwork 

Escape         •••         ••. 
Other  works 

Total  on  Wobks    ... 

ESTABLISHMEirr. 

Direction     ... 
Executive    ...         ••• 

£ 

14 

583 
182 

49 
44 

• .  • 

£ 

• 

14 

686 

182 

49 

690 

158  737 

159  885 

46 

8  936 

872 

683 

120 
220 

... 

160  257 

688 

120 

265 

8  936 

168  366 

1895 

170  261 

2  328 
26  600 

180 
250 

2  608 
26  850 

Total  on  Establishment    ... 

28  928 

430 

29  858 

Tools  and  Plant      ..         

Profit  and  loss        

Fluctuations  of  suspense  balance 
Less  Receipts         

621 

20 

7000 

42 

•  *  • 

—1119 

—6 

663 

20 

5  881 

—6 

Nbt  Outlay    ... 
Add  Simple  Interest         

204  935 
243  272 

1242 
9  310 

206 177 
262  582 

Total  Capital  Outlay    ... 

448  207 

10  552 

458  759 

1 

i 

\  ^ 


[36] 


Winaneial  Statittict  0/ QtntiU  in  the  Sbrtlt-Weal  1 

Capital  accoimt  of  the  Gftnges  Canal,  to  the  end  of  1872-73. 


DtUiL 

Pr.™™. 

Id  18T2-7*. 

TotaL 

Works. 

HeadwoplcB           

C.  Matonrv  Korki.    Weira 

Main  Canals  and  branches 

B.  Cotl  of  U-d          

C.  Matonry  works.      Falls  and  Weirs 

Bridgea        

Navigation  works 

Bnildings 

D.  i:arthworks.     Canal  embankmenU, 

ic 

P.  MigeeUaneous.     Loss  on  briclcB    ... 
Escapes       - 

Other  works  (?) 

Distribating  Channels. 
PrBliminary  operations      

B.  CoRtof  Land          ...         

C.  ilaaonry  worka       

D.  Earlhworks              

Other  works  (P) 

Total  on  Works     ... 

ESTIBLISHHEKT. 

Direction 

Bxecntive 

Remodelling            

Total  on  Establishment     ... 

Tools  and  Plant     

Pro6t  and  Loss      

Flnctnations  of  snspenae-balanoe... 
Less  Receipts        

NbT  OlTTLAr     ... 

Add  Simple  Interest        

Total   CAPITit  OUTLAT      ... 

1  G98  817 

£ 

2  457 

8 

8  559 

11894 

534 

289 

620 
1557 
1077 
1856 

4 
2  4^7 

8 

8559 

11894 

534 

289 

620 

1557 

1077 

1866 

1 698  817 

1698817 
450 169 

28851 

234 

944 

4  570 

4155 

1  72.7  668 

234 

944 

4  570 

4155 

450168 

2  148  986 

38  764 

2  187  740 

55081 
232  302 

16  671 

1615 
3866 

56  696 
236168 
16  671 

304  054 

5  481 

309  535 

16  725 

7101 

109116 

—9282 

1473 

-I7T53 
-     107 

18  199 

7101 

91993 

—9  389 

2  576  730 
1  941  670 

28  448 
116  660 

2  606  178 
2  058  330 

4  518  400 

145  108 

4  663  508 

[8?] 


Financial  SlatUtiet  of  the  Deltaic  Canali  of  Southern  India.    . 

Abstract  of  approximate  resnltB  from  romnneratiTe  works  of  iirigatioD, 
anicnte  and  chaiiBek,  ezclnsiTe  of  tanks,  in  the  Madras  preeideucy. 


Name  of 

Dintricl. 

Ntmo  of 
AdicdI. 

Dpt««[idof3e72-78 

For  j(*r  1872-73. 

it 

b 

Total 

Cpital 
Ootlaj. 

Total 
InamB. 

iDtemt 
lE  Hun- 

Oron 

Godavari   ... 

Godavari 

544788 

£ 
3  427  377 

£ 
36  023 

14304 

32-7 

Kistaa       ... 

Kifitna 

358254 

782  199 

24  669 

69303 

12-5 

NeUor 

Pennar 

93395 

89  U2 

6  200 

8954 

2-9 

Chinglipat... 

FouranicDta  ... 

12411 

32133 

743 

8846 

63-2 

Chinglipat... 

Polar 

21493 

23  233 

955 

5723 

North  Arcot 

Palar 

75086 

34139 

3  718 

2648 

Ibtal 

Palar 

96579 

57  372 

4  673 

8371 

3-8 

North  Areot 

Poini 

15420 

34987 

702 

641 

loss 

North  Arcot 

AUiabad    and 
Cbeyar 

20207 

24  450 

1407 

2542 

5-5 

South  Arcot 

Vellar  and  nine 
others 

52055 

395  809 

4961 

33321 

53-8 

South  Arcot 

Lower  Kalerun 

12974 

1  106  873 

2  399 

41103 

Tanjor    

Lower  Kalerun 

43974 

66118 

1892 

1967 

Tanjor   

Upper  Kalerun 

24066 

1  757  088 

1165 

67083 

Tola 

81011 

2930  079 

5  456 

110843 

128-3 

Trichinopolj- 

Nandiar 

7855 

9640 

406 

944 

6-8 

Coirabator.. 

Four  channels.. 

22961 

24  288 

3  216 

2844 

loas 

Makbar     .. 

Yenamakal      .. 

42.50 

5  40P 

29fi 

141 

loBB 

N.B. — The  capital  outlay  does  not  include  dednction  for  wear  and 
ienTj  tior,  ill  Bome  instmiccB,  the  coat  of  the  diBtributaricB.  The  interest 
is  4  per  cent,  on  the  outlay  np  to  the  beginning  of  187^-1%. 


[38] 


Financial  SiaUsiics  far  1864-65  of  the  Anicuts  and  Channels 

of  MaiBur, 


DiviBion. 


Riyen  utilized. 


I. — Maisar    Kaveri,  Lachmantirth,  Shimsha,  Nngn 
II. — Hassan    Kaveri,     Himavatti,      Yegaclii,      its 

branches,  Shimsha 
III. — Kadduij  Vadvntti,  Biranji,  Kirisandisamudram 
IV. — Naggar    The  tributaries  of  the  Tongabaddra 

Total     ... 


Miles. 

461 

232 

148 
362 


1203 


Rerenae 
realised 

in 
1864-66. 

£ 

24025 

5  910 
3  456 
3  791 


37182 


I.— Abstract  for  the  Maisur  Division. 


Name  of  Anioat 


From  the  Eavery. 

Saligram  

Mirlao ...  ••• 
Chanchamcattai 

Tippur  

Chikdeoraj  

Davroi  

Vijjianaddi  

Bangardodi  

Bamasami  

Do.  

Talkad  

From  the  Lacbmantirth. 

Hanagod 
Kattai  Malwadi 

Horgauhalli    

Do.         

Sagar  ...         

Cholenhalli     

From  the  Shimsha. 
Mad  dor  

From  the  Nugu. 
Lachmanpura 

Total     

Averages  per  cuWc  ft.  per 
second  of  discharge     . 


Miles. 

13 
40 
24 
22 
7^ 

8 
35 

9 

31 
30 
18 


17 
14 
12 
17 
20 
0 

12 


4G1 


0.  ft.  p.  sec. 

40 
151 
123 

83 
448 

73 
240 

90 
118 
118 
153 

335 
140 
150 
224 


56 


135 


2677 


^9 


$ 


^ 


Acres. 

1600 
6060 
4  920 
3  820 
17  920 

2  920 
9  600 

3  600 

4  720 

4  720 
6120 

13  400 

5  600 

6  000 
8  960 


2  240 


5400 


107  100 

40 


1200 
4  545 
3  690 
2  490 
13  440 
2190 
7  200 

2  700 

3  540 

3  540 

4  590 

10  050 
4  200 
4  500 
6  720 


1680 


4  050 


80  325 
£30 


t 

o 
a 
p 


•as 


£. 

717 
1924 
1212 

616 
6  070 

468 
3  262 

758 
2  369 
1287 
1288 

1211 
239 
237 

289 
498 
148 

728 

704 


24  025 
£9 


Financial  Slatiitict  for  18C4-G5  of  ike  Anicutt  and  Channeli 

of  Maitur — continued. 

II, — Abstract  for  tho  Hassan  Division. 


NuD<  af  OiTen. 

Number  of 
AiiicoU. 

Xnmb«r  of 
Chuineli. 

Length  td 
ChuiDBls. 

£ey.nae 
Ycaliied  ID 
1861-65. 

Tegachi         

Kavori            

Himavatti      

Branch  of  Tegftohi 
Shimsha 

Total 

4 
2 
8 
4 
1 

MUe«. 
15i 
63 
112i 
46 
5 

£. 

472 
2010 
2821 
588 
19 

19 

232 

6910 

III. — Abstract  for  the  Eaddnr  Diviaion,  inclnding  Chikroaglni 


Kam«i  of  Eivti* 

number  of 
ADicute. 

Number  of 
Channels. 

Lcnglli  ot 
Chnnnels, 

realized  in 
1801-65. 

Vedavatti      

Billah            

Biranji           

Kirieandisamudram 

Total 

56 
1 
6 
1 

75 

1 
6 

M<[». 

120i 

13i 
2 

f. 

3086 

23 

340 

7 

G4 

82 

I3e 

3456 

IV. — Abstract  for  the  Kaggar  Division,  Shemogah  and  Kaddnr. 


Dbtriet 

Eiver  SjBtetu. 

Number, of 
Auiculg. 

Length  of 

1Ut,»uo 
18S1-05. 

Sagar     ...           [ 

^^se^ 

Ivanltdrug 
LakawaU            | 

Somb     

Shikarpnr           | 
Shemogah 

Terrikerrai 
Anantapur 
Wastara 

Shei-avtttti 
Warda        .. 
Sheravatti 
Tungft        .. 
Budara    .   .. 
Tnnga 
Warda       .. 
Choardi      .. 
Warda        .. 
Tnnga 

Baddra       .. 
Ward*       „ 
Choardi     .. 
Sheravatti 
Biranji 

46 
22 

15 
2 

22 
8 
3 

22 
3 
4 
4 
4 
5 

64 

HilM. 

I' 

11    J 

77i 

£. 

878 
75 
69 

518 

406 

183 

900 
22 

5 

135 
600 

Total 

... 

250 

362 

3791 

[40] 


8taiutic9  of  Irrigatian  from  the  Wesiern  Jamna  Canal, 


Tear. 


•si 


0 

OQ 


Cftp. 

1872-73  2125 
1871-72  2147 


1870-71 
1869-70 
1868-69 
1867-68 
1866-67 
1865-6t> 
1864-65 
1863-64 


2067 
2372 
2277 
1499 
1833 
1615 
1800 
1254 


-si's 

OQ  ^ 


C.  ft.  p.  MO. 

1802 
1928 
1797 


Acreage  Irrigated. 


202  370 
187  647 
218  535 
234  465 
198  670 
186  887, 
211 103 

196  271 

197  673 


149  450 
256  738 
244172 
262  078 
288  208 
144150 

236  088 
201  692 

237  291 


£ 


351  820 
444  385 
462  707 
496  542 
486  878 
831 037 
447171 
397963 
434  964 
351  637 


MUes. 

-  9 

a- 

u 


Inches. 
46  to  201 
70  to  11 
48  to  15 
81  to  6 
31  to  9 
31  to  9 
68  to  23 
37  to    7 


The  area  of  double  cropped  land  is  about  13  per  cent  of  the  total 
acreage. 

Irrigating  capacity  varied  from  430  500  acres  in  1864  to  536  580 
in  1871. 

Mileage  of  canal  open  from  1860  to  1873— Main  102  ;  branchea,  313. 


Statistics  of  Irrigation  from  the  Eastern  Jamna  Canal. 


Year. 


1872-73 
1871-72 
1870-71 
1869-70 
1868-69 
1867-68 
1866-67 
1865-66 
1864-65 
186:^64 
1862-63 


1*3 


C.ft.|i. 

1050 
981 
956 


1068 

1025 

932 

1043 


Cft. 

1^  ase. 

998 

95 

p.c. 

98 

p.c. 

100 

p.c. 

98 

p.c. 

94 

p.c. 

100 

p.c. 

• 

a 

Acreage  Irrigated. 

•*j 

Babbi. 

79  699 
72  404 
98112 

119  168 

102  141 

78  606 

82138 

80  225 
117^70 

71129 


104445 
120  345 
114  603 
131  904 
171  960 
103  938 
157  417 
80130 
117  770 
110.202 


184154 
192  749 
212  715 
251  067 
274 101 
182  544 
239  555 
160  355 
225  266 
181  331 
184232 


i 


Miles 

625 
610 
608 
606 
603 
596 
596 
596 
602 
602 
602 


'i 


Incbee. 
74  to  25 

114  to  27 


Irrigating  capacity,  1858  to  1873—250  000  acres. 
Mileage  of  main  canal,  1862  to  1873 — 130  miles. 


[41] 


Statistics  qf  IrrigtUion  from  the  Bari  JDoab  Canal, 


Tear. 

Sapply 
admitted. 

Supply 
utilised. 

Acreage  Irrigated. 

^1 

• 

A 

% 
S 

1 

1 

C.  ft  IX  Me. 

C.  fi.i».Me. 

MUes. 

1872-73 

1838 

1208 

96  718 

132  078 

228  796 

716 

1871-72 

2073 

1950 

76412 

210  658 

287079 

712 

1870-71 

2201 

2069 

88  643 

190  567 

279  210 

710 

1869-70 

1948 

1578 

115  524 

118403 

233  927 

710 

1868-69 

1899 

1649 

85  519 

214315 

299  834 

706 

1867-68 

]532 

•  •  • 

106043 

156  085 

262 128 

696 

1866-67 

1688 

.  •  • 

92  699 

135  753 

223452 

671 

1865-66 

1431 

••• 

91378 

84  602 

175  980 

623 

1864-65 

1228 

••• 

66  370 

126  313 

192  683 

581 

1863-64 

1340 

1193 

64195 

70167 

134362 

554 

1862-63 

1450 

••• 

59  476 

66  540 

126  016 

409 

. 

1861-62 

1 

1387 

•  •  • 

••  • 

•  •• 

134362 

The  area  of  double  cropped  land  from  1870  to  1873  was  8  per 
cent,  of  the  whole  acreage. 

Mileage  of  canal,  from  1860  to  1873.  Main,  140  miles ;  branches, 
59  miles. 


Statistics  of  Irrigation  from  the  Ganges  Canal. 


Year. 


1872-73 
1871-72 
1870-71 
1869-70 
1808-G9 
1867-08 
1866-67 
1865-66 
1864-65 
1863-64 
1862-63 


Si 

GO'S 


C.  ft.  p.  am 

4787 
4191 
4300 
5100 
4946 
3952 
3940 
4314 
4026 
4028 
4850 


0Q§ 


C.  ft.  p.  - 

4221 
76  p.c. 

89  p.c. 

90  p.c. 
94  p.c. 
86  p.c. 
89  p.c. 


•  •  • 
••• 

•  •• 


Acreage  Irrigated. 


247191 
232  688 
266  683 
341846 
344  267 
185 137 
181  658 
176  544 
161  835 
97  538 
90  693 


I 


437979 
373  867 
499  931 
438  560 
734132 
348  319 
453  076 
396  585 
404682 
352  250 
114912 


I 


685 
606 
766 
780 
1078 
533 
634 
573 
566 
449 
205 


170 
555 


406 
399 
456 
734 
129 
517 
788 
605 


'I 


J 


MUea 

3228 

3078 


6143071 


3069 
3112 
3040 
3039 
2777 
2440 
2337 
2266 


Inches. 

'  33 
36 
38 
28 
16 
46 
26 


Mileage  of  canal,  1862  to  1873.    Main,  519  miles ;  branches,  firom 
1862  to  1866, 127  miles ;  1867  to  1873,  135  miles. 
Irrigating  capacity,  1 205  000  acres,  during  the  above  period. 
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Statistics  of  Irrigation  of  the  Western  Jamna  and  Bari  Doah  Canalt 

for  1872-73. 

Statement  of  Water  utilized. 


Westirn  Jaxna  Canal. 


GQ 


g 


Kharif 

1872. 
April 

Maj 

June 

July 
August 
September 
Average 

Rahhi, 

1872. 
October  ... 

November 

December 

1873. 
January ... 

February.. 

Mai*ch     ... 

Average 


Average 
of  year 


) 


Cub.  ft 

Cub.  i%. 

per  sec. 

per  sec 

2359 

234 

2523 

555 

2446 

288 

2319 

229 

2142 

562 

1620 

143 

2234 

335 

2413 

353 

2540 

374 

1941 

396 

1242 

341 

1872 

249 

2084 

152 

2015 

311 

2125 

343 

Cub.  ft. 
per  sec. 


2125 

1968 
2158 
2090 
1580 
1477 


1899 


2060 
2166 


1545 


901 
1623 
1932 
1704 


1802 


Babi  Doab  Cahal. 


-SI 

DQ 


I 


3 


Kharif 

1872. 
April 

May 

Juno 

July 

August 


September 
Average 


RalU, 

1872. 
October  ... 

November 

December 

1873. 
January... 

February .. 

March     . . . 

Average 

Average  ) 
of  year  / 


Cub.  ft. 

Cub.  ft 

per  sec 

per  sec. 

2198 

1060 

2208 

104^ 

2146 

504 

1776 

850 

1796 

768 

1986 

561 

2018 

798 

2202 

989 

2095 

915 

1640 

471 

782 

217 

880 

49 

2342 

125 

1657 

461 

1838 

629 

Onb.  a. 
per  see. 


1138 

1162 

1642 

926 

1028 
1425 
1220 


1213 
1180 
1169 

565 

831 

2217 

1196 

1208 


[48] 

Approximate  Acreage  of  the  Irrigated  Cropt  ffthe  Wettem  Jamna  Canal 
in  1872-73. 


Ckofb. 

Xuiur. 

Chops. 

Eakm.                 1 

Clauh 

Plw. 

Mt. 

Total 

Flow. 

lifL 

Total 

Olase  I. 

Sugar-cane 
Total 
C7«.  2. 

UDko^TO 

unto,™, 

Total      ... 
Clata2. 

uulcncwn 

unknown 

..    42  034 

12tl0 

43  294 

1001 

230 

1237 

Gardens 

unknown 

unknown 

Rico    ... 

43143 

Total      ... 

3  700 

1786 

5  486 

Total 

..    44  281 

391 

4-1=072 

Clau  3. 
Wheat 

Clots  Z. 

84  091 

8  908 

93  599 

Cotton 

..    90  21C 

5  919 

9G129 

Barley 

3  282 

320 

3  602 

Hemp... 

305 

Oat«    

IP 

19 

Tobacco 

... 

170 

Toria 

407 

61 

528 

Waternnts 

Tobacco      ... 

346 

755 

1101 

Knchra 

15 

5 

1 

6 

Sesamom 

25 

Coriander   ... 

47S 

384 

863 

Toria  ... 

\U 

Methi 

2S 

23 

Indigo 

..     6  317 

172 

6  48t 

Other  graina 

16  84t 

338 

17186 

«^  X  ... 

Miscelkiueoaa 

unknown 

Total     ... 

115  098 

10105 

125  202 

Total 

..    96  646 

102  907 

CTflM4. 
Masar 

Clau  4. 

1520 

159 

1679 

Jowar ... 

..      4  021 

182 

4  20? 

Cbena 

45 

51 

96 

Kangni 

41 

2 

4J 

Gharri 

18:^ 

10 

ig£ 

Baj.^  ... 

..         312 

347 

Javi     

21C 

20 

23( 

Maize ... 

63E 

195 

89^ 

Lucerne 

111 

01 

172 

Samvak 

2 

2 

Grass 

16 

16 

Mandwa 

237 

68 

805 

MiBCelluiooaB 

Ilrad  ... 
Uang ... 
Moth  ... 

404 
4 
74 

6 
"*3 

410 
4 
77 

Total      ... 

244 

17  280 

17  524 

Lucerne 

86 

141 

Orwa  ... 

2* 

2 

3C 

MiEcellaneo 

Gram 

7  704 

92 

7  796 

Total 

..      6  880 

4G17 

11497 

Floodings  ... 
Total  Rabbi 

120  044 

10  485 
29  406 

10485 
149  450 

Class  .1. 

Kharif        ... 

189  840 

12  530 

202  37C 

Fallow 
Total  Kbar 

f  189  810 

12  530 

202  370 

Grtind  total  . 

■m  884 

41936 

351  820 

y.B.-Thc  toUU  of  c1 


10  aojit  iwdoT  Clusei  2  uid  5 


[**] 


Acreage  of  the  Irrigated  Oropt  of  the  Eattern  Jamna  Canal  m  1872-73. 


CB0P8. 

Class. 

Ehabiv. 

Babbl 

Flow. 

1006 

... 

Lift. 

Total. 

Flow. 

Lift. 

Totel 

Gardens 

(       2 
2 

242 

... 

1248 

... 

1279 

176 

1454 

Sugar-cane  . 

..     1 

22  711 

4  715 

27426 

Rice 

...     4 

37  616 

135 

37  751 

Maize 

...     4 

2  077 

499 

2  576 

Mundwa 

...     4 

28 

2 

30 

Sanwak 

...     2 

9 

•  •  • 

9 

4 

Jowar 

...     2 

160 

19 

179 

1 

Chena 

...     4 

28 

7 

35 

o 

Wheat 

...     3 

« .. 

... 

... 

70  814 

Oats 

...     3 

.  • . 

... 

... 

883 

18  580 

89  394 

Ghram 

...     3 

... 

... 

•«• 

2  379 

26 

909 

Barley 

...     3 

... 

... 

... 

2645 

661 

3040 

fUrd 

...     4 

28 

7 

35 

551 

3196 

. 

Moth 

-.     4 

3 

2 

6 

J  ^ 

Masur 

...     3 

«  •  . 

... 

... 

1274 

s 

Peas 

...     3 

•  •• 

... 

... 

2146 

140 

1423 

[.Arhar 

...     3 

.  .  • 

... 

... 

2 

560 

2  706 

^  1  Lucerne 

to  to 

159 

... 

24 

... 

183 

• . . 

117 

... 

2 

'^  •<  Dumera 

}  1 

11 

.  •  • 

... 
•  •  • 

11 

... 

16 

27 

144 

.  i^Charri 
1  C  Cotton 

2 

215 

24 

239 

... 

16 

...     3 

5  936 

896 

6  832 

£  (San 

...     4 

3 

•  • . 

3 

^J 

Indigo 

{ I 

1963 

.  •  • 

239 

•  *  • 

2  202 

.  •  • 

2 

4  ' 

Tobacco 

to  to 

92 

... 

40 
... 

132 

.  •  • 

20 

... 

2 

Opium 

2 

.  •  . 

• 
•  •  • 

•*. 

2 

1 

21 

Linseed 

...     3 

... 

•*• 

•  •  • 

51 

•  •  • 

o 

Mustard 

>••     3 

«  •  « 

••• 

... 

1 

52 

Watemuts  , 

2 

54 

... 

54 

1456 

161 

1616 

Waste 

{ t 

659 

90 

749 

Irrigation 
Totals     , 

... 

... 

« • . 

434 

43 

477 

72  758 

6^41 

79  699 

83  520 

20  935 

104455 

.  • . 

83  520 

20  935 

104  455 

G 

Irand  Total   . 

156  278 

27  876 

184154 

[45] 


Acreage  of  the  Irrigated  Crops  of  the  Bari  JDodb  Canal  in  1872-73. 


Chops. 


Cla98l. 
StLgar-caue.*. 

Cla88  2. 

Gkirdens 
Rice    

Total ... 
Claee^. 


••• 


Orchards 
Cotton 
Hemp ... 
Sesamnm 
Miscellaneons 

Total  ... 


Jowar ...     ••• 
Kangni       ... 

Maize 

Miscellaneous 
Fallow 

Total  ... 


TotfiJKharif. 
Total  Rabbi  . 

Total  ... 


KHABir. 


Flow. 


8  688 


225 
28  829 


29054 


780 

24879 

169 

461 

1314 


27  604 


9158 
1434 
7  762 
5  300 
1049 


24  705 


90051 
115  683 


205  735 


LifL 


470 


6 
264 


270 


76 

2  658 

9 

25 

457 


3  225 


1841 

424 

791 

132 

14 


2  702 


6  667 
16  394 


23  061 


Total 


9158 


231 
29  093 


29  324 


856 

27  537 

178 

486 

1771 


30  829 


104^9 

1858 
8  553 
5  432 
1063 


27407 


96  718 
132  077 


228  796 


Gaops. 


Cla88\. 
Sugar-cane... 

Closed. 


Grardens 
Rice 


••• 


•••     • •• 


Total  ... 


Rabbi. 


Flow. 


11 


117 

7 


124 


CUueZ, 

Orchards 

Wheat 

Barley... 

Linseed 

Saru    ... 

Safflower 

Poppies 

Tobacco 

Tukhmbalanga 

Miscellaneous 

Total    ... 


Cla88  4u 

Gram  ••• 

Masur... 

Sinji 

Fallow 

Miscellaneous 


••• 


...     ... 


Total  ... 


Total  Rabbi  . 


820 

84866 

4  291 

22 

731 

'  ... 

475 

56 

•• . 

415 


91476 


7  370 

174 

14182 

768 

1578 


Lift 


53 

14  751 

164 

3 

226 

... 
58 
13 
... 
262 


15  530 


78 

1 

686 

17 

72 


24072 


115  683 


855 


16  394 


Total. 


12 


124 

7 


131 


873 

99417 

4455 

25 

957 

... 

533 

69 


••• 


677 


107006 


7448 

175 

14868 

785 

1651 


24927 


132  077 


m 


Acreage  of  the  Irrigated  Craps  of  the  Ganges  Canal  in  1872-73. 


Crops. 

Claas. 

Kharif. 

Eabri. 

Flow. 

Lift 

Total. 

Flow, 

Lift. 

Total. 

Garden   pro- 

dnce     ••. 

2 

3198 

1752 

4  950 

2  974 

1790 

4  704 

Sagar-cane ... 

1 

51626 

16  871 

68  397 

19 

5 

24 

'  Wheat 

3 

13 

16 

29 

168  592 

73  897 

242  409 

Barley 

3 

9 

26 

35 

77  071 

75  690 

152  661 

Oats 

3 

... 

... 

... 

80 

8 

88 

jd 

Bice 

2 

26178 

584 

26  762 

124 

157 

281 

9      m 

Maize 

4 

354 

224 

578 

... 

o 

Jowar 

3,4 

835 

180 

1015 

••• 

Chena 

3,4 

212 

222 

434 

40 

28 

68 

Mama 

4 

921 

906 

1827 

•  •• 

^Miscellaneous 

3,4 

2153 

997 

3150 

1701 

589 

2  290 

Gkum.           ..• 

3 

15 

3 

18 

13  326 

3872 

17198 

J 

Peas 

3 

... 

... 

... 

4  938 

1767 

6  705 

J  -> 

Arhar 

4 

•-• . 

••• 

• .  • 

37 

••• 

87 

& 

Masur 

3 

. .  • 

••• 

... 

38 

16 

51 

[  Miscellaneous 

3,4 

11 

1 

18 

1728 

67 

1795 

^    1  Cbarri 

4 

124 

2 

126 

•g  <  Lnceme 

3,4 

87 

25 

112 

75 

16 

90 

^    ( Miflcellaneoas 

3,4 

17 

1 

18 

1477 

87 

1564 

/"  Cotton 

3 

6  722 

1239 

7  961 

g  J  San  ... 

4 

199 

60 

259 

.g   J  Flax 3 

•  •  • 

.  •* 

... 

114 

18 

132 

( Miscellaneous 

3,4 

778 

11 

789 

146 

10 

166 

i    f  Indigo 

Q    (Miscellaneous 

3 

97  267 

31513 

128  780 

1 

.  •  • 

1 

3,4 

586 

16 

602 

18 

3 

21 

g    (  Opium 

2 

10 

21 

31 

2  094 

4  636 

6  730 

0,  <  Tobacco 

2 

76 

78 

154 

41 

77 

118 

S    (  Miscellaneous 
Oilseeds 

3,4 

■  •  • 

.  .• 

*•• 

134 

162 

296 

3,4 

•  •  • 

.  •  t 

... 

141 

2 

143 

Watemuts  ... 

2 

3 

... 

3 

1 

... 

1 

Waflte  irriga- 

tion 
■    Totals    ... 

4 

648 

495 

1143 

144 

132 

276 

191  948 

55  243 

247  191 

275  054 

162  925 

437  979 

275  054 

162  925 

437  979 

G 

rand  Total    ... 

4,67  002 

218  168 

685  170 
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Brief  Accounts  of  Indian  Canah. 

The  Western  Jamna  Canal  is  the  oldest  of  the  perennial  canals 
of  Northern  India,  the  most  fully  developed  as  regards  its  powers  of 
irrigation,  and  the  mostremnnerative.  It  has,  however,  been  carried 
on  in  a  most  desultory  manner,  and  even  now  is  not  complete.  In 
1821,  the  capital  expended  on  it  was  £14  216,  and  from  that  time 
to  1833  the  progress  was  next  to  nothing;  in  1835,  the  capital 
account  was  £33 168 ;  but  in  1836,  £62  225  were  spent,  raising  it  to 
£100  000 ;  ^m  that  time  to  1846  next  to  nothing  was  spent^  the 
account  at  that  date  being  only  £119  405,  according  to  the  returns 
formerly  given.  The  present  capital  account,  given  in  the  accom- 
panying statistics,  gives  different  figures,  owing  to  an  entirely  new 
arrangement ;  but  the  same  rate  of  carrying  on  the  works  is  clearly 
illustrated  by  them.  In  1853-54,  this  canal  had  arrived  at  a  very  good 
stage  of  development,  after  more  than  thirty  years  had  been  passed 
in  spending  £175  000  on  works.  Up  to  1872-73,  the  capital  account 
was  £311  693,  but  even  yet  the  canal  has  no  permanent  headworks, 
and  the  drainage  works  necessary  for  the  healthy  control  of  the 
irrigation  can  only  be  said  to  be  commenced;  and  half  a  century 
has  elapsed  since  the  British  first  took  the  matter  in  hand. 

The  canal  is  of  Musalman  origin,  having  been  projected  and 
carried  out  on  a  small  scale  under  the  Mughal  emperors.  Its  head  is 
at  Tajawalla,  on  the  west  bank  of  the  Jamna,  13  miles  above  Dadu- 
pur ;  the  supply  being  conducted  from  the  head  along  an  old  branch 
of  the  Jamna  to  Bhilpur,  thence  by  an  artificial  cot  into  the  Pattrala 
hill  torrent,  and  then  along  the  latter,  down  to  a  junction  with  the 
Sombe  torrent  near  Dadupur,  where  a  dam  and  regulating  head  for 
the  supply  of  the  actual  main  canal  are  situated.  Afber  102  miles  of 
main  canal,  it  divides  itself  at  Ber,  into  two  main  branches,  the  Delhi 
branch,  75  miles'  long,  tailing  into  the  Jamna  near  Delhi,  and  having 
distributaries  aggregating  100  miles  in  length,  and  the  Hansi  branch, 
which  is  108  miles  long  to  Mingnikhera,  and  has  141  miles  of  distri- 
butaries, in  addition  to  its  sub-branches.  At  the  Joshi  regulator,  in 
the  11th  mile  of  the  Hansi  branch,  is  the  head  of  a  sub-branch,  which 
loses  itself  in  the  sandy  desert  near  Bohtak  after  a  course  of  43  miles. 
At  the  13th  mile  of  the  Hansi  branch,  is  the  head  of  the  Butana 
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sab-branch,  18  miles  long,  down  to  its  bifurcation  into  two  channels, 
one  11  tbe  other  6  miles  long. 

At  Minginkhera,  the  108th  mile  of  the  main  canal,  is  tbe  head  of 
tbe  Bahadnra  snb-branch,  32  miles  long,  and  of  tbe  Darba  snb-branch, 
which  is  18  miles  long  down  to  its  bifurcation  at  Bamsira,  whence 
it  becomes  two  channels,  each  10  miles  long. 

In  addition  to  the  yarions  branches  and  distribataries,  there  are 
escape  cats  from  the  main  canal  amounting  to  55  miles  in  length,  and 
62  miles  of  escapes,  cuts,  and  drainage  lines  from  the  Delhi  branch. 
It  is  also  proposed  to  make  a  new  branch  from  the  59th  mile  of  the 
main  canal  to  Bhowani. 

As  regards  the  width  of  the  canal,  the  main  line  varies  from  360  to 
120  feet,  and  the  branches  from  100  to  10  ;  the  depth  is  variable,  the 
fnll  supply  depth  at  Dadupnr  being  4*3  feet,  and  the  lowest  supply 
about  half  of  that, — the  velocity  at  Taja walla  is  about  17,  and  at 
Dadupur  with  full  supply  4*14  feet  per  second. 

The  tract  irrigated  is  120  miles  by  10. 

In  1837-38,  a  year  of  famine,  the  acreage  irrigated  was  306  000,  the 
produce  saved  being  valued  at  £1  462  800  ;  and  the  estimated  value 
of  the  irrigated  crops  on  351 820  acres  in  1872-73,  being  £2  021 811. 
In  1846-47,  351  501,  or  (360  902  ?)  acres  were  actually  watered,  and 
the  following  works  were  completed ;  main  canal  445  miles,  excluding 
distributaries  ;  bridges  of  various  sorts,  240 ;  main  headworks,  1 ;  stop 
dams,  12 ;  aqueducts,  2 ;  weirs  and  &lls,  9 ;  escapes,  4 ;  locks,  2 ;  irriga- 
tion outlets,  672  ;  inlets,  36  ;  station  houses,  88  ;  besides  dep6ts,  mills, 
and  workshops.  The  gross  returns  in  1846  amounted  to  55  per  cent, 
on  the  capital.  The  irrigating  power  of  water  on  this  canal  is  higher 
than  that  of  any  canal  in  India,  having  sometimes  reached  nearly 
300  acres  per  cubic  foot  per  second  of  supply  utilized. 

While  the  Western  Jamna  canal  yields  the  most  favourable  results 
as  regards  its  powers  of  irrigation,  this  appears  rather  to  be  due  to 
natural  conditions  than  to  skilful  management.  In  1819-20,  befon) 
British  reconstruction,  the  tract  irrigated,  992  square  miles,  yielded 
£200655  in  water  rate,  while  in  1850-51,  the  tract  irrigated  was 
1015  square  miles,  yielding  £242  177  in  water  rate ;  the  increase  of 
land  revenue  in  each  case  amounting  to  £41  521 ,  and  the  advantages 
due  to  British  militaiy  management  over  a  quarter  of  a  century 
appearing  very  small  in  this  particular. 

The  capital  account  of  this  canal  was  altered  in  the  year  1863-64, 
by  debiting  it  from  1820  with  a  share  of  expenses  for  establishment 
and  contingencies,  thus  changing  the  sum  from  £190  404  to  £212  899 
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on  1st  May,  1864 : — there  is  also  some  doubt  abont  the  establishment 
charges,  whether  they  shoald  be  10  or  13  per  cent,  on  the  oost  of 
works  during  the  whole  of  that  period. 

In  1864-65  the  average  monthly  discharge  for  the  year  was 
1784  cubic  feet  per  second;  in  the  Kharif  season,  1791 ;  and  in  the 
Babbi  season,  1777.  cubic  feet  per  second. 

In  this  year  the  value  of  the  irrigated  crops  being  fifby  times  the  water 
rent  paid,  it  was  resolved  to  increase  the  water  rates,  and  this  was 
actually  done  in  1867-68 ; — in  this  latter  year  the  rainfall  was  excep- 
tionally favourable  to  the  cultivator,  the  result  being  that  only  two- 
thirds  the  breadth  of  wheat  of  the  preceding  year  was  irrigated  ;  but 
as  there  was  an  increase  of  irrigation  of  7436  acres  of  sugar-cane,  the 
loss  was  made  up. 

The  acreage  of  the  principal  irrigated  crops  on  this  canal  for  several 

years  was  as  follows : — 

1860-61.        1861-62.         1862-63.  1863-64. 

Sugar-cane,  annual  ...  26 102  33  782  44  730  30  089 

Rice       ...->               /  44965  58  578  57  925  47  353 

Cotton  ...  )  ^^^"^  (  43  706  33  558  25  549  45  882 

Wheat,  rabbi    181  208  148  317  111  129  145  234 

1864-65.  186^-66.  1866-67.  1867-68. 

Sugar-cane,  annual  ...       29  786  34  028  19  773  27  209 

Rice       ...^               /       57167  51617  62  071  39  455 

Cotton   ...  I  kharif  J        77  738  62  684  104  796  98800 

Indigo    ...J               I         1131  1477  1805  1315 

Wheat,  rabbi    163159  126  293  150  233  100937 

In  1871,  Col.  Crofton  proposed,  with  an  estimate  of  £214  267,  to 
make  a  permanent  head,  to  complete  the  drainage  works  and  the  dis- 
tributaries from  Indri  to  Delhi  and  Jhind ;  it  had  however  been  dis- 
covered, in  1867,  that  the  swamps  near  Eamal  and  on  the  Delhi  and 
Rohtak  branches  were  absolutely  necessary ; — the  former  having  existed 
for  25  years,  in  consequence  of  the  canal  from  Baria  to  Kamal  con- 
sisting principally  of  natural  channels. 

The  present  state  of  this  canal  as  regards  works,  financial  condi- 
tion, and  irrigation,  is  shown  in  the  tabular  statistics. 
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The  Eastern  Jamna  Canalis  generally  very  similar  in  character  to 
the  Western  Jamna  Canal ; — it  was  constracted  in  abont  the  same 
time  and  the  same  manner,  being  an  old,  fally  developed,  and  very 
remimcrative  perennial  canal :  its  cost  was  abont  two-thirds,  and  its 
average  irrigated  acreage  about  one<half  of  that  of  the  latter.  It  is 
also  a  restoration  and  enlargement  of  an  old  native  work,  commonoed 
by  the  British  in  1823. 

The  Eastern  Jamna  canal  takes  its  supply  from  the  Jamna  at 
Kharrah,  and  passes  it  down  the  old  bed  of  the  Jamna  for  four  miles, 
to  Nayaahahr,  where  is  the  regulating  dam  with  30  sluices  and  head 
of  the  main  canal.  In  the  first  ten  miles  it  crosses  the  mountain 
drainage  at  right  angles,  having  dams  at  each  of  the  torrents,  and  thca 
continues  on  the  high  land  of  the  country,  on  the  watershed  between 
the  Hindan  and  the  Jamna.  The  canal  is  in  embankment  for  40 
miles,  its  water  level  being  from  6  to  12  feet  above  the  level  of  the 
country.  The  canal  system  now  consists  of  130  miles  of  channel  and 
625  of  distributaries,  watering  a  tract  120  miles  by  15. 

In  1830,  water  was  admitted  through  its  main  canal,  after  an  expen- 
diture on  works  of  £31 124;  in  1837,  the  capital  account  had  increased 
to  £46  000,  and  in  that  year,  which  was  one  of  famine,  it  yielded 
£10  084  in  water  rate,  and  about  the  same  amount  in  increased  land 
revenue,  or  in  all  about  ^20  000  or  4i  per  cent.;  the  acreage  then  being 
only  96  000 ;  the  value  of  crops  saved  by  irrigation  was  £i88  494,  or 
eleven  times  the  cost  of  the  canal.  In  1S46-47,  the  capital  account 
was  £81  460,  and  the  acreage  was  106  705,  yielding  £12  175  as  water 
rate,  and  £H9G5  as  increased  land  revenue,  or  as  gross  returns  25  per 
cent,  on  the  capital.  The  works  completed  up  to  that  time  were  as 
follows  : — Channels  main  and  branch,  465  miles  ;  irrigation  ontlets 
136 ;  dams,  11 ;  drainage  outlets,  1 ;  aqueducts,  7  ;  bridges,  71  ;  inlets 
and  escapes,  26 ;  falls,  14;  mills,  12  ;  workshops  and  station  hooses, 
43. 

As  to  the  amount  of  irrigation  effected  by  this  canal  in  its  earlier 
stages  of  developemcnt,  comparatively  little  is  known;  in  1832-33  the 
tract  irrigated  was  276  square  miles,  yielding  £248  177  in  water  rate, 
and  £136  742  increased  land  in  revenue  ;  while  in  1850-51,  the  irri- 
gated tract  was  497  square  miles,  yielding  £384  919  in  water  rate,  and 
the  same  amount  of  increased  land  revenue  as  in  1832.  A  portion 
of  the  canal  was  remodelled  in  1854,  and  new  escapes  were  made, 
which  have  since  formed  injurious  swamps :  in  fact,  even  at  present, 
the  necessary  drainage  works  can  hardly  be  said  to  have  been  fairly 


1864-65. 

1865-66. 

1866-67, 

1867-68. 

28  530 

29034 

20  847 

26  987 

28  020 

39  091 

.37 122 

41345 

14405 

2  887 

5  080 

2  646 

79  490 

74327 

139  257 

96489 
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taken  in  hand.  From  the  year  1863-64  the  water  rates  were  enhanced, 
and  the  repairs  to  distribataries  carried  ont  by  Government,  and 
charged  to  maintenance ;  certain  improvements  were  also  effected  by 
drainage  works.  At  this  period,  a  large  amount  of  water  was  nsoally 
sold  by  conti*act,  288  villages  taking  it  in  that  manner. 

The  acreage  of  the  principal  irrigated  crops  grown,  of  which  the 
wheat,  barley,  and  indigo  form  the  greatest  portion  of  the  Eabbi,  or 
cold  weather  crop,  was  as  follows  for  four  years: — 

S  agar- cane,  annual 
Rice      •.,')  ,    ( 

Cotton  ...)        ^    ^ 
Wheat  and  barley ••• 

In  1871-72,  the  gross  returns  amounted  to  nearly  30  per  cent,  on 
the  capital.  The  data  of  the  works,  the  finance,  and  the  irrigation  for 
recent  years  will  be  found  in  the  tabular  statistics. 

The  Ganges  Canal,  commenced  in  1848,  and  opened  in  1854,  is  the 
third  of  the  large  perennial  canals  of  Northern  India,  made  by  the 
British.  It  may  be  considered  at  present  to  be  like  the  Bari  Doab,  a 
half-developed  canal,  in  contradistinction  to  the  Eastern  and  Western 
Jamna  canals,  which  have  their  irrigation  fully  developed.  As  it 
seems  to  be  the  fate  of  so  many  Indian  canals  to  be  allowed  to  remain 
in  a  partially  developed  condition  for  a  long  time,  their  results  when 
in  this  stage  are  naturally  interesting,  although  they  do  not  adijiit  of 
close  comparison  with  those  of  completed  canals. 

The  principal  head  of  the  Ganges  canal  is  about  2^  miles  above  the 
sacred  town  of  pilgrimage,  Hardwar,  or  Haridwar.  In  the  first  18 
miles  of  its  course  the  canal  passes  t]^e  Ratmu,  the  Ranipur  and  the 
Pattri  torrents,  the  former  torrent  passing  through  at  the  same  level, 
and  the  two  latter  in  masonry  superpassages  over  the  canal.  At  the 
18  th  mile,  above  Rurkhi,  the  canal  crosses  the  Solani  river  in  a  masonry 
aqueduct;  the  embankments  of  approach  are  about  80  feet  above  the 
valley,  and  are  3  miles  long  ;  the  aqueduct  itself  is  920  feet  long,  in 
fifteen  arches  of  50  feet  span,  and  30  feet  in  height.  From  this  point 
onwards  the  main  canal  nearly  follows  the  watershed  between  the 
Ganges  and  the  Jamna  for  about  181  miles  to  Nanun,  throwing  off 
branches  and  cuts  for  irrigation  and  navigation.  From  Nanun  the 
eastern  branch,  170  miles  long,  continues  to  Etawah,  where  it  falls  into 
the  Jamna,  and  the  western  branch  of  the  same  length  continues  tA 
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Khanpnr,  where  it  falls  into  the  Ganges.  There  are  also  two  amaller 
branches,  83  and  10  miles  long  respectively.  This  canal  is  of  immense 
size ;  it  cai-ried  a  snpplj  of  5100  cabic  feet  per  second  in  1870,  and 
utilized  90  per  cent,  of  it ;  besides  this  it  has  an  irrigating  capacity  of 
1  205  000  acres.  As  to  dimensions,  the  first  four  miles  from  Haridwar 
are  in  natural  channel,  a  branch  of  the  (Hnges.  From  Majapnr,  where 
the  artificial  canal  begins,  and  for  a  distance  of  50  miles,  the  canal  has 
a  conhtant  bottom  width  of  140  feet,  a  depth  of  10  feet^  and  a  slope  of 
bed  of  1*5  feet  per  mile.  From  the  50th  mile  where  the  Fattahgarh 
branch  takes  oflT,  down  to  the  110th  mile,  where  the  Balandshahr 
branch  takes  ofi*,  the  bottom  breadth  is  130  feet,  and  the  depth  9  feet: 
from  the  ofllake  of  the  Bulandshahr  branch  to  that  of  the  proposed 
Kocl  branch,  the  bottom  width  is  110  feet,  and  the  depth  8  feet; 
thence  to  l^anun  the  depth  remains  the  same,  but  the  bottom  breadth 
varies  from  9G  to  80  feet.  Tlie  Fattahgarh  branch  is  at  present 
83  miles  long,  the  Balandshahr  branch  54  miles  long ;  the  Khanpnr 
and  Etawah  branches  are  each  80  feet  in  bottom  width  at  their  heads, 
diminishing  gradually  to  20  feet  at  their  lower  extremities. 

Of  the  details  of  the  works  as  originally  contemplated,  there  is 
ample  given  in  the  large  work  of  Colonel  Sir  Proby  Cantley,  the  de- 
signer and  constructor  of  this  canal,  of  whose  energy,  patience,  and 
]>er8ovcmnco,  it  is  impossible  to  speak  too  highly,  when  reflecting  on 
the  difticulties,  both  political  as  well  as  other,  that  he  had  to  encounter. 

In  spite,  however,  of  tlie  large  amount  of  money  and  energy  spent 
upon  this  canal,  it  is  a  particularly  unfortunate  one.  Its  works  were 
once  stopped  for  some  time,  owing  to  the  caprice  of  a  Govemor- 
Qcneral,  who  wished  it  to  be  made  into  a  purely  navigation  canal ;  it 
was  defective  in  several  important  respects,  the  inclination  allowed  to 
its  bed  was  far  too  high,  its  bed  retrogressed  and  its  falls  were  damaged, 
so  that  it  could  not  carry  its  full  supply  until  about  1866,  when  a  large 
additional  outlay  had  been  made.  In  fact,  the  whole  of  the  canal, 
main  and  branches,  had  to  bo  remodelled  throughout ;  and  the  distri- 
butaries had  been  so  badly  laid  out,  that  hundreds  of  miles  of  them 
have  been  abandoned  at  various  times.  The  remodelling  of  the  canal 
commenced  in  1864,  is  now  going  on ;  and  it  is  to  be  hoped  that  it 
will  eventually  carry  the  full  supply  originally  intended,  without  in- 
creasing the  capital  account,  now  £2  605  1 78  to  much  beyond  £3  000  000. 
While  4700  cubic  feet  per  second  is  the  highest  amount  of  supply  yet 
utilized  on  this  canal,  it  is  probable  that  eventually  it  may  rise  as  high 
as  5500,  the  supply  for  which  it  was  originally  designed  and  intended 
being  6750  (or  7000?)  cubic  feet  per  second ;  should  it,  however,  afler 
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complete  remodelling,  arrive  at  that  irrigating  power,  it  will  then  have 
only  six  times  the  sapply  of  the  Eastern  Jamna  canal,  at  a  cost  of 
aboat  twelve  times  as  much  that  of  the  latter. 

The  acreage  of  the  principal  crops  irrigated  dnring  four  years  was 
as  follows  : — 

Sugar-cane,  annual 

^^^^     }  kharif  { 
Cotton )  C 

Indigo      ...         ••• 

Wheat  and  barley 

About  two-thirds  of  the  irrigation  effected  by  this  canal  is  flush,  or 
delivered  at  the  ground  surface,  the  remainder  is  delivered  at  a  low 
level,  the  water  being  raised  to  the  surface  by  native  mechanical 
contrivances.  In  order  to  carry  out  the  irrigation  of  the  whole  of  the 
tract  intended,  it  is  proposed  to  make  a  secondary  headworks  at  Raj- 
ghat  on  the  Ganges,  and  to  supplement  the  Ganges  canal  by  now  works, 
named  the  Lower  Gauges  canal,  estimated  to  cost  £1  825  000  in  addi- 
tion ;  these  works  were  commenced  in  1872,  and  £54  439  spent  in 
construction  during  that  year. 

Details  of  the  expenditure  on  works,  the  returns,  and  the  irrigation 
from  this  canal  during  late  years,  are  given  in  the  tabular  statistics. 

The  Bari  Doab  Canaly  from  the  Ravi  in  the  Panjab,  is  the  fourth  of 
the  large  perennial  canals  of  Northern  India. 

It  is  a  half-developed  canal,  undergoing  a  process  of  remodelling, 
and  hence  very  suuilar  to  the  Gknges  canal.  It  was  commenced  in 
1850,  with'  an  original  estimate  of  £530  000,  and  the  greater  portion 
of  the  main  canal  and  works  are  now  finished  ;  as  no  account  of  the 
detail  of  progress  is  forthcoming,  it  will  be  best  to  describe  the  pro- 
ject as  contemplated. , 

The  canal  is  taken  off  from  the  left  bank  of  the  Ravi  near  Madho- 
pnr,  and  after  a  length  of  28  miles  throws  out  the  Elasur  branch  at 
Tibari  :  at  the  7th  mile  of  the  Kasur  branch,  the  Subraon  branch  takes 
off;  these  two  branches  will  be  90  and  67  miles  long  respectively,  the 
former  tailing  into  the  Kasur  nalla  at  Aljowan,  the  latter  into  the 
Tatti^  nallah  at  Subraon.  The  portion  of  the  main  canal  from  the 
head  of  the  Kasur  branch  to  that  of  the  Labor  branch,  which  is  situ- 
ated in  the  52nd  mile  near  Aliwal,  is  designated  the  Upper  main 
branch,  and  is  24  miles  long.  The  remaining  portion  of  the  canal, 
from  the  head  of  the  Labor  branch  to  the  Vahn  escape^  \n*A  '^Vs^siv*^^ 
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oanal  tails,  is  called  the  Lower  mam  branch,  is  88  miles  long,  paases  the 
town  of  Amritsar,  and  discharges  itself  through  the  Vahn  escape  into 
the  Ravi.    The  Lahor  branch  from  Aliwal  passes  Labor,  and  tails  into 


The  section  of  each  branch  is  as  follows : — 

Bnadth  »t  head. 

Breadth  at  tail. 

Deptba. 

Main  line        

Bottom. 
112 

Meao. 
120 

Bottom.  If  eaii. 
112       120 

Highert. 
4-9 

LOVM 

2-5 

Upper  main  branch    ... 

84> 

92 

80 

88 

6-6 

2-8 

Lower  main  branch  ... 

70 

77 

66 

63 

4-6 

2-3 

Lahor  branch ... 

60 

65 

38 

43 

8'3 

1-6 

Upper  Kasor  branch... 

60 

66 

60 

66 

4« 

2-0 

Lower  Kasnr  branch... 

46 

61 

20 

25 

3-0 

1-6 

Subraon  branch 

CO 

65 

20 

26 

3-3 

1« 

The  highest  depths  given  are  those  with  the  fnll  snpply  of  3000 
cabic  feet  per  second,  the  lowest,  those  with  the  lowest  recorded  snpplj 
of  1000 :  the  mean  width  is  that  of  the  wetted  section  at  fnll  supply. 

The  mean  velocity,  with  a  fnll  supply  depth  of  4*9  feet,  is  S'S  feet 
per  second,  and  that  with  an  average  depth  of  4*2  feet  at  the  canal  head 
is  4  feet  per  second. 

The  canal  is  capable  of  irrigating  G54  000  acres  with  full  supply  at 
a  duty  of  218  acres  per  cubic  feet  per  second. 

The  distnbutarics  and  escapes  are  as  follows : — 


From 

Number  of 
di8tribatarie& 

ToUl 
lenitth. 

Miles. 

Eacspei. 

Lengtb. 
Miles. 

Main  line 

• .  • 

15 

93 

Malikpur 

...       7 

Upper  main  branch 

• .  • 

10 

75 

Gulpur 

...       9 

Lower  main  branch 

• .  • 

16 

256 

i^irkian 

...       6 

Tiahor  branch    ... 

•  .  a 

23 

291 

Aliwal 

...     11 

Kasur  branch   ... 
Subraon  branch 

} 

Not  yet  determined 

f  Vahn 
t  Naizbeg 

...     16 
...       li 

In  the  neighbourhood  of  Pathankot,  there  are  two  hill  torrents,  the 
Jcnnah  and  the  Chakki,  which  with  their  branches  cross  the  line  of 
the  canal,  and  had  to  be  diverted. 

In  1856  it  was  found  that  the  cost  of  the  canal  would  not  be  less 
than  £1  350  000,  and  work  was  tlierefore  concentrated  on  the  first 
55  miles  down  to  the  Lahor  branch.  In  1859  water  was  admitted, 
and  it  was  then  found  that,  as  in  the  case  of  the  Ganges  canal,  the 
declivity  of  bed  allowed  was  too  great,  the  consequence  being  exten- 
sive channelling  out  in  the  sandy  tract*  and  deep  holes  below  the 


falls;  it  was  also  discovered  thai  the  miniinnm  snpplj  of  tie  Ravi, 
Calculated  to  he  2753,  was  actually  only  1414  cubic  feet  per  second, 
or  less  than  the  works  were  designed  to  carry. 

In  1860,  a  native  canal,  the  Hasli,  yielding  £84985  by  direct 
returns,  and  £86  387  by  enhanced  land  tax,  was  incorporated  in  the 
account  of  the  Bari  Doab  canal,  which  then  yielded  nothing. 

In  1870,  or  eleven  years  after  the  above-mentioned  discovery,  the 
remodelling  of  the  canal  was  commenced,  and  the  E^asur  and  Subraon 
branches  proceeded  with,  but  as  an  additional  supply  from  the  Beas 
involved  fresh  works,  the  estimate  of  the  canal  and  branches  rose  to 
£2  000000.  Progress  in  the  remodelling  was  going  on  in  1872-73, 
and  the  head  works  at  Madhopur  were  nearly  completed.  At  present 
the  aggregate  length  of  main  canal  completed  is  212  out  of  247  miles, 
and  of  distributaries,  692  miles.  lu  spite  therefore  of  everything  to 
the  contrary,  the  irrigation  fiom  this  canal  in  1872  brought  in  a  gross 
return  of  £81  876,  or  a  net  return  of  £50216,  or  nearly  4  per  cent,  on 
the  capital. 

The  acreage  of  the  principal  irrigated  crops  grown  during  four 
years  was  as  follows  :— 


1864-65. 

1805-66. 

1866-67. 

1867- 68.» 

Sugar-cane,  annual 

9  878 

9181 

9156 

10  600 

Rice •  \                f 

Cotton       ...  }  ^^"^^  \ 

29  212 
3  881 

53  564 
5  236 

57  615 
12  511 

63  691 
21101 

Cereals,  rabbi    

97  722 

59  827 

108  707 

122  720 

The  estimated  value  of  the  irrigated  crops  grown  is  as  follows,  for 
several  years : — 

In  1860-61,  £256  024;  in  1861-62,  £307  238;  in  1862-63, 
£192  668  ;  in  1863-64,  £241 969  ;  and  in  1872-73,  £913,706. 

Details  of  the  works,  the  finance,  and  the  irrigation  from  this  canal 
are  given  in  the  tabular  statistics. 

7^e  Minor  Canals  of  the  North- Wesi  Provinces, 
Tlie  Dun  Canals  consist  of  five  perennial  canals  of  an   aggregate 
length  of  66  miles  in  the  Dera  Dun,  a  valley  of  the  Sawalikh,  or  lower 
Himalayas,  north-west  of  Hard  war: — they  consist  of — 

Miles      Dincbarge       Sapplj      Opened  Acreage 

loDg.    in  1872-73.      utilized.         in  in  1872-78. 

C.  ft.  p.  sec.    C.  ft.  p.  sec.  Acres. 

TheBejapur       ...  11  39  30  1840  5432 

TheRajpur         ...  12  11  '    9  1843  2736 

The  Kuttapatthar  19  33  17  1854  28 

ThcKattanga     ...  13  25  15  1859  20 

TheJakhan         ...  12  15  9  1863  VV 
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The  acreage  of  irrigated  land  was  not  ftOly  measured  antil  1867. 

The  distribntaries  have  an  aggregate  length  of  67  miles.  At  thai 

time  the  capital  outlay  amounted  to  £54  365 ;  the  direct  and  indirect 

returns  for  that  year  were  £351S  and  £175,  of  which  £1862  was  mill 

rent,  while  the  working  expenses  were  £2514 ;  in  1872-73  the  capital 

expended  was  £57  253,  the  direct  and  indirect  returns  for  the  year 

£  ^791,  of  which   £2390  was  mill  rent,  and  £475,  and  the  working 

expenses,  £2504 ;  the  acreage  irrigated  in  each  of  these  years  being 

thus  :— 

Kharif.  Rabbi  T^L 

1867-68  4334  7654  11988 

1872-73  6217  8785  14002 

The  water  rates  were  reduced  in  1871,  thus  causing  a  temporary 

loRs ;  but  in  the  future  these  canals  will,  afler  the  improremente  now 

in  progp:*ess  are  effected,  yield  higber  returns. 

The  Rohilkand  and  Bijnaur  Canalt. — These  consist  of  a  number  rf 

ancient  badly-designed  lines,  which  are  worked  at  a  loss  at  presentt 

though  after  remodelling  may  yield  very  good  result : — they  are 

The  Baigrul  group        ...  ...  108  miles. 

The  Kitcha  Dhora  group  ...  32    „ 

The  Paha  „  ...  13    „ 

The  Kailas  „  ...  32    „ 

TbeNaffina*)    -n"  I  oo 

f       >   Biinaur   >  38     „ 

TheNohtor)       "'J 

The  capital  oatlay  up  to  1872-73  was  £103  600;  the  direct^  indirect, 
revenue  and  working  expenses  for  the  year  £3438,  £2261,  and  £5132 
respectively  ;  the  acreage,  Kharif  21  204 ;  Rabbi  34  4ri6 ;  Total  55  650 
acres.  The  length  of  distributaries  was  increased  from  180  miles  in 
1867-68  to  294  miles  in  1872-73. 

T/ie  Sarhind  Canal,  from  the  Satlaj  in  the  Panjab,  is  a  perennial 
canal  now  under  construction.  It  was  originally  projected  by  Sir 
William  Baker,  in  1840,  tlie  detailed  project  was  submitted  by 
Colonel  Crofton,  in  1802,  and  estimates  for  the  works  to  the  value  of 
£2  080  427  were  sanctioned  early  in  1872. 

The  headworks  are  at  Rupar,  a  town  at  the  foot  of  the  hills.  At 
the  38th  mile  (these  are  canal  miles  of  5000  feet)  the  main  canal 
crosses  the  Grand  Trunk  'Road,  and  the  railway  from  Ludhiana  to 
Ambala.  At  the  41st  mile  the  main  canal  ends,  and  the  feeder  line 
and  the  combined  British  branches  take  off.  The  length  of  the  com- 
bined British  branches  is  to  be  3  miles,  afler  which  they  will  divide 
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into  the  Ubohar  brancb,  125  miles  long,  and  the  Bhatinda  branch 
loo  miles  long ;  the  former  of  these  will  be  navigable  np  to  its  51st 
mile,  whence  the  Satlaj  navigation  channel  will  take  off  and  sflber  a 
course  of  45  miles  tail  into  the  Satlaj.  The  feeder  line,  which  is  a 
continuation  of  the  main  line,  will  be  divided  into  three  sections  by 
the  heads  of  the  Kotla,  Gaggar,  and  Choa  branches  of  the  canal, 
belonging  to  native  states,  which  take  off  on  the  right  side  of  the  line ; 
the  lengths  of  the  three  sections  of  the  feeder  Hne  being  14,  16,  and 
9  miles  respectively,  while  that  of  the  three  branches  are  to  be  90,  56, 
and  25  miles.  The  end  of  the  feeder  line  is  to  be  the  point  of 
junction  of  the  heads  of  the  Choa  branch  and  the  Patiala  navigation 
branch.  The  latter  will  be  6  miles  long,  and  will  tail  into  the  Patiala 
nallah  near  Patiala.  The  Choa  branch  will  for  the.  present  tail  into 
the  Oaggar  river,  although  it  was  proposed  to  connect  it  with  the 
Western  Jamna  canal  by  a  navigation  cut  55  miles  long,  joining  it 
at  Indri. 

This  canal  being  partly  for  the  benefit  of  native  territory,  one-third 
of  its  cost  will  be  borne  by  three  native  states. 

Up  to  the  end  of  1870-71,  the  capital  account  amounted  to  £185  667, 
of  which  half  was  expended  in  works ;  to  the  end  of  1871-72, 
£1.15  186,  of  which  £276  260  was  on  works;  to  the  end  of  1872-73, 
£501  315,  of  which  £425  078  was  expended  in  works,  independently  of 
establishment ;  of  the  latter  sum,  £240  613  was  expended  on  about 
200  million  cubic  feet  of  earthwork,  and  £107  010  on  head  and  regu- 
lating works. 

This  canal  with  its  branches  will  be  554  miles  long,  and  will  irri- 
gate 783  000  acres  in  a  most  neglected  tract  of  country. 

The  Agra  Canal  is  like  the  Sarhind  canal,  a  perennial  canal  nnder 
construction ;  it  will  irrigate  a  tract  on  the  right  bank  of  the  Jamna, 
between  it  and  the  Elhari  Naddi,  from  below  Delhi  to  the  Utangan 
river  below  Agra. 

The  total  length  of  main  canal  is  to  be  140  miles,  its  bottom  width 
at  the  head,  70  feet ;  its  suppJy  wDl  be  1100  cubic  feet  per  second  in 
the  Rabbi  season,  and  2000  cubic  feet  per  second  in  the  Kharif 
season,  requiring  respective  depths  of  7  and  10  feet.  The  irrigable 
area  is  about  1200  square  miles,  of  which  about  one-tenth  is  uncult 
turable  waste,  and  one-fifth  is  irrigated  from  wells. 

The  supply  of  the  Jamna  at  Okhla  having  lately  been  found  to  fall 
occasionally  below  800  cubic  feet  per  second,  in  May  1870  having  been 
only  472  and  in  January  1871  only  756  cubic  feet  per  seoond^  theeoj^^V^ 
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of  the  Hindan,  which  is  capable  of  giving  300  onlrio  feet^  will  also  be 
used  in  supplementiiig  the  canal,  giving  altogetiier  800  cnlnc  feefc  as  a 
certain  minimum  supply,  according  to  which  the  depths  needful  for 
navigation  are  determined. 

The  fall  of  the  canal  from  the  head  to  the  32nd  mfle  is  *5  feet  x>er 
mile ;  at  this  point  is  an  overfall  of  5*75  feet,  and  bejond  that  to  the 
86th  mile,  the  gradient  is  I'O  per  mile ;  after  which  it  varies  from 
'33  to  I'OO  feet  per  mile ;  below  the  117th  mile  it  becomes  a  simple 
distributary. 

The  discharges  and  velocities  intended  are  as  follows : — 

Ti    J  *    oo  9n  (58         C 1-82         C   800  min. 

Head  to  32    ...     70  | j^.g         1 236         [ 2000  max. 

82  to  40  ...  58-8  }  ^:J  {2-2^  J^687  „ 
40  to  50  ...  63-4  {  *|  III  jjg*  ;; 
50    to    60    ...    474         {   tl         {til         UZ 


ft 

60    ..    70    ...    «-4         {   tl         [t^l         {  '"^     " 


910     „ 
326 

9> 


99 

670 


70    to    80    ...     30  {   J2         J  2-26         J 

80    to    85i...     24-2         {    JJ         j^g         |   276     ,. 

176 


85g  to     95|...     24  2  J   ^'^^         [  J^J         ^ 

95|  to  100   ...     24-2  [   f^         [  J:22  | 


309     I] 

172     „ 
303     „ 


From  100  to  117  miles  the  bottom  widths  vary  from  21  to  18  feet; 
the  depths  from  3*7  to  5*2,  the  velocities  from  1*5  to  2*3,  and  the  dis- 
charge at  the  117th  mile  is  from  130  to  203  cubic  feet  per  second. 

The  headworks  at  Okhla  were  begun  at  the  end  of  1868,  and 
generally  open  in  1873 ;  the  supplementary  headworks  on  the  Hindaoo, 
below  the  Railway  Bridge,  are  connected  with  the  former  by  a  canal 
having  a  bottom  width  of  24  feet,  and  discharging  291  cubic  feet  per 
second  with  a  depth  of  5*6  feet ;  it  is  9  miles  long,  and  enters  the 
Jamna  at  one  mile  above  Okhla,  where  there  is  a  lock  to  prevent  the 
return  of  flood  water.  The  distributaries  have  discharges  varying 
from  140  to  25  cubic  feet  per  second  ;  the  principal  works,  bridges, 
escapes,  and  weirs  are  comparatively  inexpensive.  The  total  estimated, 
cost  of  the  Agra  canal  is  £540  788,  of  wliich  £124  200  is  that  of 
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headworks ;  the  total  area  of  irrigation  is  calcxilated  at  704t  000  acres, 
and  the  probable  net  income  when  the  irrigation  is  fully  developed 
is  expected  to  be  £51  375,  in  addition  to  £4000  from  navigation  and 
mill  rent— or  about  10  per  cent.  net. 

Up  to  the  end  of  1872-73,  the  capital  account  stood  at  £432  267, 
of  which  £302  692  was  incurred  on  account  of  works  and  plant, 
and  £73 183  on  establishment,  this  amount  having  been  spent  in  fiv« 
years.  Of  the  above  outlay,  £30 131  was  spent  on  plant,  £106  444 
on  earthwork,  £80  014  on  falls  and  weirs,  £37  736  on  bridges,  and 
£11 522  on  buildings,  and  the  remainder  on  miscellaneous  works. 

The  Orissa  Canals. 

A  series  of  main  canals  in  the  Orissa  delta  for  navigation  and  irrigation^ 

with  headworks  and  distributaries. 

The  headworks  proposed  for  these  canals  consist  of  three  weirs 
across  the  Mahanaddi,  the  Katjuri  and  the  Beropa,  6400,  3900,  and 
1980  feet  long  respectively ;  the  two  first  12*5,  and  the  third  9  feet 
high ;  they  are  of  modern  design,  having  movable  iron  stanchions 
and  shutters,  tiiat  admit  of  being  lowered  to  allow  floods  to  pass  over 
them.  The  oanal  for  the  irrigation  of  the  central  delta,  between  the 
Mahanaddi  and  the  Katjuri,  is  taken  off  from  the  right  flank  of  the 
Mahanaddi  weir,  and  a  junction  canal  will  connect  it  with  the  Katjuri. 
The  Taldandah  canal  also  takes  off  from  the  right  flank,  and  runs  to 
Taldandah,  the  limit  to  tidal  navigation,  and  it,  with  its  branch,  the 
Machgong  canal,  will  eventually  irrigate  155  ODD  acres  of  the  central 
delta  ;  they  can  now  irrigate  30000,  being  in  use  for  a^ut  one-third 
of  their  lengths,  or  52  miles  of  each.  Two  canals  are  led  off  from  the 
Beropa  weir :  the  one  from  the  left  bank  is  the  high-level*  canal,  de- 
signed for  navigation  from  Kattak  to  Calcutta ;  of  this  the  first  32  miles 
to  the  river  Brahmani  are  open,  and  the  greater  part  of  its  distribu- 
taries for  the  irrigation  of  80  000  acres  are  completed :  the  other  from 
the  right  flank  of  the  Beropa  weir,  intended  to  irrigate  the  country 
between  the  Mahanaddi  and  the  Brahmani,  is  called  the  Kendrapara 
canal ;  it  is  160  feet  wide  and  7  feet  deep,  and  is  intended  to  irrigate 
270  000  acres  of  the  northern  delta,  at  a  duty  of  120  acres  per  cubic 
foot  per  second  of  supply ;  the  distributaries  have  an  aggregate  length 
of  171  miles,  and  will  irrigate  85  000  acres;  and  its  Pattamandi  branch 
taking  off  on  the  fourth  mile,  and  running  to  a  port  on  the  estuary  of 
the  Brahmani,  will  irrigate  113000  acres. 

The  present  estimate  of  the  cost  of  the  ic  works  is  £2  598  200,  and 
they  are  intended  to  irrigate  1  600  000  acres. 
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The  Midnapnr  canal,  opened  in  1871,  connecU  Midnapnr  with  tide 
water  in  the  Hnghli,  16  miles  below  Calcutta,  and  forms  a  conunoni- 
cation  between  that  riyer  and  the  Knsi,  Bppnarain,-and  Damnda.  It 
will  be  52  miles  long,  and  will  effect  the  irrigation  and  drainage  ol 
200000  acres:  it  is  now  callable  of  irrigating  72  000,  bnt  its  diBtribn- 
taries  and  drainage  channels  are  still  incomplete.  Its  estimated  ooei  is 
£981 000. 

The  history  of  the  Orissa  Canals  is  as  follows : — 

The  preliminary  designs,  drawn  up  by  Col.  Sir  Artliiir  Cotton, 
in  May,  18*58,  were  estimated  to  cost  £1800000,  and  intended  to 
irrigate  2  250  000  acres.  A  charter  was  granted  to  the  E.  I.  Irrigation 
Company  in  Jime,  18G1,  and  capital  was  raised  to  the  amount  of  one 
million  as  a  first  issue.  Surveys,  preliminary  designs,  and  estimates 
were  drawn  up  afterwards  under  Col.  Bnndall  by  May,  1863;  the 
estimate  amounting  to  two  millions,  and  the  proposed  amount  of 
irrigation  one  and  a  half  million  acres,  at  a  duty  of  one  cubic  yard  per 
hour  per  acre. 

Certain  initiatory  works  were  estimated  in  detail,  thus  :— 

1.  Head  works,  comprising  the  Naraj  weir,  the  Mahanaddi 

anient,   the  Beropa  anient,   and  the  Kattak  head- 
works,  1500^  long  X  7i'  high    ... 

2.  First  Section  of  High-level  Canal,  32  miles  from  the 

Mahanaddi  to  the  Brahmani 
Its  distributaries,  112  miles  for  87  000  acres 

3.  Kcudrapara  Canal,  40  miles,  Kattak  to  False  Point    ... 

Its  distributaries,  180  miles  for  270  000  acres 

4.  MiJnapur  Canal,  48^  miles,  Midnapur  to  the  Hnghli  ... 

Its  distributaries,  IGO  milcj  for  148  500  acres 

5.  Tidal  Canal,  first  two  reaches  27  miles  from  the  Rupnarain 


•.• 


30  per  cent,  for  stores  and  management 


••• 


£165  996 

58  449 

13  050 

33  537 

40  500 

152  342 

22  275 

49119 

535  268 

160  580 

695  848 


Surveys  of  general  scheme,  purchase  of  a  fleet  of  boats, 
London  Offices,  and  preliminary  expenses  had  already 

COSu     ...  •••  •••  .••  ••.  X^O  .ioO^ 

Interest  already  paid  to  shareholders  ...  ...       112  477 


Total  e^itimuted  cost  of  initiatoiy  scheme  ...     £932  260 
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Estimated  return.  Navigation  to  repay  establishment  and  manage- 
ment, and  the  irrigation  of  505  500  acres,  at  5  Bs.  per  annam,  to  yield 
a  gross  return  of  36  per  cent,  on  the  £695  848,  and  deducting  5  per 
cent,  for  repairs  and  maint>enance,  31  per  cent,  net ;  or  21  per  cent,  on 
the  million  of  total-  expenditure  estimated. 

The  works  were  begun  in  December,  1863.  Irrigation  was  first 
available  in  December,  1865,  was  first  taken  up  in  April,  1866,  and 
began  to  yield  returns  in  October,  1866.  Navigation  began  to  yield 
returns  in  March,  1865.  The  Company  sold  the  Orissa  undertaking 
in  December,  1867 ;  the  works  constructed  and  returns  being  as 
follows : — 

The  total  amount  of  work  done  by  31st  May,  1867,  under  the  heads 
of  the  preceding  estimate,  was — 1.  Head  works  open,  but  not  com- 
plete ;  2.  High-level  Canal,  10  miles  open,  12  nearly  ready,  and  17 
miles  of  distributaries  open  ;  3.  Kendrapara  Canal,  30  miles  open,  to  a 
reduced  width,  and  72  miles  of  distributaries  open;  4  Midnapur 
Canal,  28^  miles  pnder  construction,  10  nearly  ready,  and  46  miles  of 
distributaries  open;  5.  Tidal  Canal,  27  miles  open  without  locks. 
Water  was  then  available  for  153  400  aci*es  of  irrigation. 

Between  May  and  December,  1867,  further  work  was  done  on  the 
above  canals,  details  of  which  are  wanting,  as  well  as  23  miles  of  un- 
completed work  on  the  Taldandah  canal.  The  expenditure,  up  to 
October,  1867,  was  as  follows : — 

Expenditure — on  works  up  to  June,  1867  ...  £620  000 

„                              from  June  to  October  .••  187  936 

„                              from  Oct.  to  Dec.  1867  ...  not  known. 

Total  expended  on  works  in  India          ...  ...  807  936 

Total  on  all  accounts                 ...             ...  •••  884861 

Balances       ...             •.•             •••             «.•  •••  58  671 


Receipts— not  including  Govt,  loan  of  £120  000    ...  £943  532 


Returns  from  irrigation  in  October,  1866,  and  February,  1867. 

At  5  Rs.         ...         1067  acres  and     573  acres  ...  £    821 
At  3  Rs.        ...  1018  acres  and  2572  acres  ...      1077 

At  li  and  1  Rs.  261  acres  and  1183  acres  ...        188 


.Total,  6674  acres  irrigated  ;..  ^£2086 
At  this  time  water  was  available  for  60  000  acres. 


Retama  from  irrigation 

1  at  the  end  of  October.  1867. 

SOD?  urn,  >t  5  B>. 

«15M 

1015      „    „    3 

813 

3S5      „    „    2 

77 

1799      „    „    1 

180 

StiOO      „    „    i 

180 
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Total  dS3C  acres  £2253 

Water  for  13  000  acrea  atoUn,  value  JE2500 

At  this  time  water  waa  available  for  163  000  acres. 

BctamB  from  navigation,  beginniog  Uarch,  1863. 
During  1868,  £i7C ;  1864,  £H43;  1865,  £1080;  1866,  £1445;  in 

1867,  to  3lGt  Aagnat,  £1660.        Total  Navigatioa  Betorns    6922 

£13  761 


Total  retoniB,  of  which  £3500  was  not  realized 


At  the  time  of  aalo,  the  Company  had  water  available  for  200  000 
acres,  which  at  5  Rs.  per  acre  would  yield  £100  000,  or  about  10  par 
cent,  on  the  total  expenditure,  had  the  cultivators  taken  the  water  ;  u 
however  they  did  not,  and  the  Act  had  not  then  .been  isGued  (passed 
in  February,  1870)  to  recover  rates  from  laud  brought  under  water- 
oommand,  it  would  have  been  unwiae  to  extend  the  works,  and  the 
Company  were  then  forced  to  sell  up  at  par  to  the  Oovemmeot. 

From  1867  to  1873,  these  works  have  been  carried  on  by  the  Public 
Works  Department.  On  the  1st  April.  1873,  the  capital  accouots  stood 
thus : — 

The  Mahanaddi  Project,  including  the  Brahmani  and 

Baitami  Series  ...  ...  ...       £1 221 577 

The  Kidnapur  Project,  including  the  Tidal  Canal    ...  695  812 


vorks 

Total    i 
ira.  tl.iu  in  1872-73:— 

;i  917  389 

Tho  state  of  the  ^ 

High-level  Canal... 

1} 

37 

iii 

iii 

■0021 

Acre*. 

74000 

Aras. 
42600 

1.1 

m 

3018 

m 

£ 
203 

Kendrapara  Canal 

40 

•0032 

313000 

100000 

2L16 

129 

Taldanda  Canal  ... 

27S 

0042    ^ 

U.55000| 

15336 

1398 

109 

Machgong  Canal... 

C 

■0040   J 

16829 

710 

95 

Midnapnr  Gana)  ... 

Zi 

138150 

09950 

Tidal  Canal 

02 

11600 

2000 
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The  expenditnre  mentioned  does  not  inclnde  establishment  nor 
proportionate  cost  of  headworks. — The  snpply  provided  for  the  areas 
was  at  the  irrigating  duty  of  one  cnbic  foot  per  second  for  133  acres. 

The  discharge  passing  down  the  Kendrapara  canal  varied  from  500 
cubic  feet  per  second  in  August,  to  126  in  March,  and  in  the  high- 
level  canal  from  350  in  July,  to  115  in  March ;  each  of  the  canals  were 
closed  for  repair  for  about  two  months  in  the  cold  weather. 
.  In  1869,  the  water  rates  having  been  lowered  from  10s.  to  2s.  per 
acre,  the  gross  revenue  amounted  only  to  £141 ;  in  1869-70,  it  amounted 
to  £3235 ;  in  1870-71,  the  acreage  actually  irrigated  was  22  128  acres  ; 
and  in  1871-72  only  11  652  acres,  demands  for  water  rate  being  aban-  * 
doned  by  the  revenue  collectors,  and  only  £1772  being  actually  collected. 

In  the  year  1872-73  the  total  acreage  of  irrigation  was  only  4753 
acres,  yielding  .£4263  in  water  rate,  and  the  navigation  returns  on  a 
tonnage  of  154  422  tons  amounted  to  £4750 ;  the  total  receipts, 
including  £1481  from  various  other  sources,  amounting  to  £10  293, 
the  highest  year's  revenue  yet  obtained. 

The  Son  Canals, — These  constituting  a  portion  of  the  Bahar  project 
of  Colonel  Dickens,  are  designed  to  provide  high-level  navigation  for 
295  miles  from  Mirzapur  on  the  Granges  through  Dehri,  the  headworks 
on  the  Son,  to  Manghir  on  the  Gkmges,  and  to  irrigate  the  country  on 
both  banks  of  the  Son,  between  this  line  of  navigation  and  the  Ganges. 
The  Western  main  canal,  from  Dehri  to  Mirzapur,  will  be  125  miles  long, 
and  will  command  the  irrigation  of  an  area  of  2100  square  miles ;  the 
Eastern  main  canal  from  Dehri  to  Manghir,  170  miles  long,  command- 
ing 3000  square  miles.  The  main  canals  are  designed  to  carry  5300 
cubic  feet  per  second,  with  a  depth  of  water  of  9  feet,  'and  a  bottom 
width  of  180  feet ;  in  the  Eastern  canal  the  fall  from  the  Son  to  the 
(janges,  of  123  feet,  will  be  overcome  by  a  series  of  locks.  It  was 
originally  intended  that  these  and  other  works  should  have  been 
carried  out  with  English  capital,  under  the  East-India  Irrigation 
Company  in  1867  : — they  were  however  commenced  in  1870  by  the 
Public  Works  Department,  under  Mr.  Levinge,  aided  by  about 
twenty  English  engineers. 

The  Western  !Main  Canal  was  neariy  completed  to  full  dimensions 
for  a  length  of  22  miles  by  the  end  of  March,  1873 ;  and  its  bridges 
and  siphons  were  in  progress.  The  Eastern  Main  Canal  was  then  also 
nearly  completed  for  eight  miles.  On  the  Arrah  Canal,  which  is  to  be 
70  miles  long,  and  will  irrigate  480  000  acres,  ground  had  been  broken 
over  60  miles ;  and  six  locks,  two  bridges,  and  seven  siphons  were  in 
progr^^ss.     On  the  Patna  Canal,  which  will  be  B4  tgl^«q^  Vs^v^^vsl^^vt^ 
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irrigate  890000  acres,  two-thirds  of  the  earthwork  was  executed 
in  1872-73. 

At  the  headworks,  the  masonry  well  blocks  of  the  npper  breast-wall 
of  the  weir  were  snnk  right  across  the  river  in  1870-71,  and  in 
1871-72  those  of  the  lower  breast-wall,  as  well  as  parts  of  the  head 
and  nnder  slnices  and  head  locks ;  the  stone  being  bronglit  by  loco- 
motives froin  quarries  seven  miles  off. 

The  following  is  an  abstract  of  the  estimate  of  cost  of  the  works  : — 

295  miles  of  high-level  main  canal  at  per  mile,  £4000  ^1 180000 

240  miles  of  main  irrigation  and  navigable  canal,  at  £3000         720  000 

928  miles  of  main  irrigation  distributaries      ...  „    £500        4:64000 

261 000  acres  irrigated  in  detail            „       £2         522000 

326  250  acres  of  minor  drainage  works            ...  „             88.130500 

Headworks   ...         ...         ...         ...         ...  225000 

Workshops,  shelter,  <&c 43000 

3284500 
Snperinteildence  at  12*5  per  cent. ...         ...  410500 

Tools  and  plant        •••        80000 

£3  775  000 

The  capital  account  is  as  follows:— 

Works  and  Plant.      Establiahment  Total. 

Up  to  1st  April,  1872  £368  036  &17  456  £445  493 

During  1872-73  210  951  40  635  251587 

Up  to  1st  April,  1873  £578  987  £118  091  £697  079 

The  Son  weir  is  2^  miles  long  and  8  feet  high,  and  is  especiallj 
interesting  as  an  example  of  the  most  modem  construction,  exhibiting 
like  the  weirs  on  the  Orissa  canals,  also  designed  by  civil  engineers, 
a  vast  improvement  over  everything  yet  done  in  works  of  this  class  in 
India.     It  is  probable  that  these  canals  will  be  partly  open  in  1875. 

The  Bandalkand  Canalsy  from  the  rivers  Betwa  and  Dassan  proposed 
by  the  late  Captain  A.  H.  Bagge,  of  the  Bengal  Engineers,  still  remain 
as  projects  under  contemplation :  detailed  surveys  were,  however  com* 
menced  in  1873. 

THE    INUNDATION   CANALS   OF  THE    PANJAB. 

1.  The  Lower  Satlaj  and  Chenab  CanaU.-^The  canals  from  the  Lower 

Satlaj  are  19  in  number,  and  have  an  aggregate  length  of  418  miles  ; 

those  from  the  Chenab  are  13  in  number,  and  have  an  aggregate  length 

of  222  miles;— the  whole  of  these,  excepting  19   miles,  were   eon* 

atmcted  and  in  working  order  at  t\xe  ivme  of  the  British  annexation  : 
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the  breadth  of  these  canals  varies  from  5  to  36  feet,  and  their  depth  of 
water  from  3  to  11  feet ;  they  have  no  distribntaries,  irrigation  being 
supplied  direct  from  them  by  means  of  private  water-courses. 

2.  The  Upper  Satlaj  Canals  are  f9ur  in  number : — 

Length.  Breadth.  Depth.  Distributaries. 

1.  The  EZatora  ..        66  miles  33|  feet  3*5  feet") 

2.  The  Khanwah    •..         81     „  60     „  6    „     f 

3.  The  Upper  Sohag  67    „  40    „  4    „     T^^  °^^^^- 

4.  The  Lower  Sohag         20    „  20    „  3     „     J 

The  first  was  constructed  by  the  British  Government,  and  opened  in 
1870.  The  second  was  constructed,  for  a  length  of  63  miles  during 
the  reigu  of  Akbar :  it  was  reopened  in  1843,  and  extended  by  the 
British  Government  for  18  miles  from  Dewalpur  southward ;  25  miles 
of  distributaries  were  also  constructed  at  that  time.  The  third  was 
constructed  by  the  British  Government,  and  opened  in  1855  ;  it  has 
two  distributaries  belonging  to  Government,  12  miles  in  aggregate 
length,  and  two  to  landholders  of  16  miles,  or  28  miles  in  a]l ;  a  new 
head  was  completed  in  1871  to  serve  as  an  alternative  entrance  to  this 
canal,  for  occasions  when  the  river  sets  in  on  the  old  head.  The 
fourth  was  constructed  by  a  landholder  shortly  after  the  British  annex- 
ation.  There  is  also  another  canal,  called  the  Nikki,  about  which 
particulars  are  wanting. 

3.  2Jhe  Jhelatn  Candle. — There  are  18  inundation  canals  from  this 
river  in  the  Shahpur  district;  they  were  purchased  from  local  frmds  in 
1870.     The  dimensions  of  two  of  them  are  as  follows : — 

Length.        Mean  breadth.  Ayerage  depth. 
Shahpur  Canal         «..         17  miles         18  feet         6      feet. 
Sahiwal  Canal         ...         Id      „  10    „  4*5    „ 

4.  The  Indue  Canale  are  13  in  number,  and  have  an  aggregate 
lengtK  of  577  miles,  varying  from  9  to  97  miles  in  length  ;  they  are  all 
drawn  from  the  right  bank  of  the  Indus  in  the  Dera-Ghazi  Elhan 
district,  at  the  south-western  comer  of  the  Panjab  frontier:  their 
breadth  varies  from  11  to. 60  feet,  and  their  depth  of  water  fi^m 
3  to  6-5  feet ;  they  have  branches,  but  none  of  them  have  separate  dis- 
tributary channels.  They  were  all,  except  one  of  67  miles,  the  Dhundi, 
running  at  the  date  of  British  annexation  ;  but  branches  to  the  aggre* 
gate  length  of  32  miles  have  been  added  since,  half  the  expense  being 
borne  by  the  British  Government,  and  half  by  tiie  proprietors  of  the 
estates  benefited.    In  addition  to  the  above,  two  canals^  the  Faiilw^V^ 
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and  the  Masuwah,  have  been  consiracted  and  maintamed  by  piiTale 

entorpriso. 

There  are  also  some  canals  in  the  districts  of  Mnzaflargaili,  PeBhawar, 
and  Bannn,  about  wliich  no  information  exists  in  the  records. 

In  addition  to  t)io  canals,  there  are  a  number  of  embankmeniB, 
aggrc^ting  a  length  of  38  miles,  in  the  neighbourhood  of  Dera-Ghad 
Khan,  that  were  constructed  in  1854  and  1863  for  the  pnrpoee  of 
shutting  out  overflows  in  the  rainy  season,  which  used  annnallj  to  deras- 
tato  large  tracts  of  country,  and  necessitate  remissions  of  Gk>Yeniiiient 
land- revenue. 

The  flnancial  results  and  acreage  of  the  Panjab  Inundation  Canals 
in  1872-73,  were  as  follqjvs: — 

Onpital  I      Ueturns  of  1 872-73.      I  Acreage  irrigated  in  1 872-73. 
ouilHyai) 


to  end  of 
187*2.7» 


Lower  Satlaj  7 
and  ('honab  ) 

Upper  Katlaj 

huuiH 
(average) 

Jlutlatn 


Direct. 


Indirect. 


Working 
expenses 


10  620 

44  202 
4:J  736 

2  122 


12  938 
C459 

9 

2  7*00 
710 


£ 

21330 

2  791 
80941 

•  •  • 
••  • 


£ 

1G362 

15  621 
18  04G 


Khmril. 


Rabbi. 


Total 


•  •  • 


434 


149143 

74  914 
132  818 
••• 

unknown. 


93  361 


242  504 


60  446  135  860 
47  319  180 13 

4  445     10  513 


Of  tho  acreage  irrigated  by  the  Lower  Satlaj  and  Chcnab  Canals, 
20  ptjr  ciMit.  wiiH  lift  irrigation.  Tho  mean  discharge  of  the  Upper 
Satliij  (-anulH  wiih  174*2,  and  that  of  tho  Indus  Canals  4107  cubic  feet 
]H)r  second  in  1H72.  Tho  Jhclam  Canals  are  under  the  management 
of  the  collcctorp. 

The  Canals  op  the  Bombay  Presidency. 

The  Stikkar  and  Shahdadpur  perennial  canal,  from  the  Indus  in  Sind, 
comnioncod  in  1801  with  an  estimate  of  £72  082,  was  opened  in  1870; 
it  is  (J3  milcH  long,  will  irrigate  140000  Sindian  bigas  of  land,  and  is 
expected  to  yield  a  revenue  of  £210  000. 


The  Sind  Inundation 

Canals  are  of  native  origin,  their  names  and 

longths  art*  as  follows:— 
WoHt  of  tho  InduB. 

Length  in 
Head.                        Miles. 

The  Sind 

21  miles  below  Sakkar     ...     G6     3  branches. 

The  Ghar 

23  miles  below  Sakkar     ...             2  branches. 

Tho  Western  Nara 

27  miles  below  Sakkar     ...     70     300  ft.  wide 

The  Bigari 

unknown              ...     48     40  it.  wide 
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Bftst  of  the  Indat. 
The  Eastern  Nara,  Bori,  improved  in  1859.  Acres. 

The  Mitrau  branch  of  the  E.  Nara,  British,  190  miles,  irrigates  157  000 
Th©  Thar  branch  of  the  E.  Nara  ...  „  38  000 

The  Fullali         ...       Natural  branch  of  Indns  irrigating  Haidarabad. 

It  is  very  doubtfal  whether  a  large  proportion  of  these  canals  are 
not  improved  natural  channels  ;  there  is  very  little  information  about 
the  irrigation  effected  by  them  ;  they  will  probably  be  made  eventually 
to  serve  as  distributaries  to  perennial  canals,  having  their  heads  at 
Sakkar,  at  Jhirk,  250  miles  below  it,  and  at  Kotri. 

The  Jamda  Canal^  in  Kandeish,  was  commenced  with  an  estimate  of 
£10  000,  and  waa  opened  in  18G9. 

The  KrUhna  Canal  has  its  headworks  at  Karwar,  in  Sattara,  its 
estimate  was  £58 133  ;  in  1872,  32  miles  of  canal  were  finished,  and 
2038  acres  irrigated,  yielding  a  revenue  of  £955. 

The  Ahmadnagar  Canal,  estimated  to  cost  £21  941  was  opened 
before  1870. 

The  above  comprises  the  whole  of  the  canals  of  the  Bombay  Presi* 
dency.     Information  about  them  is  very  scarce. 

The  Canals  of  the  Madbas  Paesidenct. 

l^e  Tumbaddra  Canah.^-The  principal  headworks  of  these  canals 
consist  of  a  weir  across  the  rocky  bed  of  the  Tumbaddra  at  Sunkesala, 
4500  feet  in  length  of  clear  overfall ;  the  section  varies,  but  is  every- 
where 8  feet  broad  at  the  top,  the  alternate  stones  of  the  coping  being 
1  foot  thick,  8  feet  long,  and  weighing  each  1|  tons.  The  mortar  used 
is  Kamul  kankar,  except  for  the  coping  which  is  in  Portland  cement. 
The  height  varies  from  6  to  26,  averaging  18  feet;  and  the  highest 
registered  flood  rose  7(  feet  over  the  crest. 

The  main  features  of  the  canal  are  as  follows  : — the  first  75  miles 
are  designed  to  carry  3000  cubic  feet  per  second  at  the  head,  and,  after 
parting  with  one-fourth  of  this  for  irrigation,  to  convey  the  remainder 
through  the  Metakandal  watershed  cutting  at  its  other  extremity. 
There  1912*5  cubic  feet  per  second  can  be  discharged  into  the  Kali, 
and  337*5  carried  down  the  continuation  of  the  canal.  Of  the  1912*5, 
750  are  taken  up  at  a  fresh  ofilake  at  Jatur,  and  375  at  Rajoli, 
leaving  750  for  irrigation  below  Kaddapa. 

The  minimum  section  of  the  canal  in  the  first  75  miles  has  a  90- feet 
bottom-breadth,  with  2  to  1  side  slopes.    For  the  first  45  miles,  th« 
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fall  is  adapted  to  a  znaximam  depth  of  water  of  8  feet»  below  tlie  45Ui 
to  one  of  9  feet.     The  gradient  of  the  canal  is  generally  from  *3  to 
*5  feet  per  mile,  but  in  one  or  two  deep  cnttoiga  1*5  feet.     Below  ths 
75th  mile,  the   natural  wateroonrses  of  the  E^ali   and   the   Ko]|der 
become  the  main  channel  of  supply.    The  Ist  brancli  duuinel  fonns 
the  canal  from  the  75th  to  the  95th  mile ;  it  has  a  head  slnioe  and 
lock  at  Lockinsula,  from  which  it  is  an  irrigating  channel  6  feet  deep 
for  the  first   G  miles,  with  a  flow  of  837' 5  cubic  feet  per  second. 
Below  that  it  is  a  still  water  canal,  of  a  minimnm  depth  of  5  feet^ 
and  a  bottom  breadth  of  45  feet,  having  a  fall  of  180  feet,  overoome 
by  7  double  and  5  single  locks,  of  chambers  120  x  20  ;  the  greatest 
fall  of  a  double  lock  being  21,  and  of  a  single  one,  18  feet.     The  2Dd 
brancli  channel  forms  the  canal,  from  the  Jutur  weir  at  the  95th  mile, 
to  the  14(>th  mile  ;  it  is  adapted  for  a  depth  of  6  feet  of  water  down  to 
the  1st  drop  lock  at  the  118th  mile.     The  weir  is  6  feet  bix>ad  at  the 
top,  on  foundations  of  shale ;  it  has  head  sluices,  scouring  sluices, 
and  an  entrance  lock,  with  a  water  cushion  below  the  fiUL     Irrigation 
ceases  at  the  130th  mile.     From  the  118th  to  the  146th  mile  the  ratna] 
consists  of  level  roaches  with  5  feet  depth  of  water,  having  17  locks 
to  overcome  a  fall  of  188  feet,  the  maximum  fall  in  any  single  lock 
being  14  feet.     The  bottom  breadth  throughout  is  50  feet.     The  3rd 
branch  channel,  from  the  Rajoli  weir  at  the  14^ith  to  the  180th  mile, 
has  also  a  bottom  breadth  of  50  feet,  and  with  5  feet  of  water  will  dis- 
charge 375  cubic  feet  per  second.     The  Rajoli  weir  is  made  of  lime- 
stone nibble,  and  built  on  rock ;  its  top  thickness  is  5  feet,  its  firont 
batt<*rs  1  in  2,  and  its  lower  face  is  vertical. 

Across  the  Pcuncr  at  Adanimayapilli  are  the  headworks  and  offtake 
of  the  projected  continuation  of  the  canal  to  Nellor  ;  the  weir  is  mostly 
founded  on  wells  in  sand  ;  8  miles  of  this  canal  are  open,  and  supply 
37*5  cubic  feet  per  second  for  irrigation. 

The  llindri  aqueduct,  carrying  the  canal  90  feet  broad,  and  8  feet 
deep,  at  an  elevation  of  32  feet  over  the  Hindri  by  fourteen  40-feet 
arches,  is  an  important  work.  No  modules  are  used  on  these  canals. 
The  ordinary  hand  sluices  are  of  two  sizes,  one  5  feet  broad,  and  of 
375  foet  lift,  tlie  other  1*5  feet  wide,  and  1  foot  lift;  each  is  worked 
by  tuniiiip  round  a  vortical  screw  that  lifts  a  cross  head,  to  which  the 
CEAt-iron  sliuttor  hanp^,  each  turn  of  the  screw  raising  the  shutter 
1  inch  and  l>ctng  easily  worked  in  cast-iron  grooves  by  one  man 
against  an  average  head  of  water  of  6  feet. 

The  cost  of  the  canal  for  the  first  75  miles  averaged  £8000  a  mile 
and  for  the  rest  of  its  course  £2000  a  mile. 
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This  Tumbaddra  project  was  first  brought  forward  by  Col.  Haviland ; 
it  was  carried  out  by  the  Madras  Irrigation  Company,  having  been 
commenced  under  the  auspices  of  Lord  Derby,  and  sanctioned  in  1861, 
the  estimate  by  Government  officials  amounting  to  one  million  sterling ; 
the  head  works  were  opened,  and  water  admitted,  in  1864:  as  the  works 
could  not  be  completed  within  the  estimate^  a  loan  of  £600  000  was 
made  to  the  company  by  the  Goverment  in  1866,  nnder  the  condition 
that  these  works  should  be  completed  in  July,  1871.  They  were 
completed  by  that  date,  216  miles  of  canals  and  877  miles  of  distri- 
butaries, conmianding  91  567  acres,  being  opened.  In  1872-73,  the 
acreage  commanded  was  156  570  acres,  being  in  excess  of  that  neces- 
sary, when  taken  up,  to  repay  the  5  per  cent,  interest,  namely -130  000 
acres.  The  actual  acreage  irrigated  and  returns  up  to  the  present  time 
stand  thus : — 

In  1870-71         1  478  acres,  yielding  £897 

„  1871-72        9  980        „         „  3541 

„  1872-73        9  505        „         „  5020 

„  1873-74  19  791        „         „  8161 

The  small  acreage  in  1870-71  was  due  to  the  damage  to  the  canal 
caused  by  unprecedented  storms  ;  and  for  which  insufficient  escape  had 
been  provided.  In  1871  this  Tfas  repaired,  and  the  canal  improved, 
and  in  1872  water  was  again  admitted  throughout  the  whole  length  of 
the  canal,  to  a  depth  of  from  2  to  5  feet.  In  1873-74  the  canal  carried 
375  cubic  feet  per  second,  or  50  000  cubic  yards  per  hour,  having  a 
depth  of  4  feet  of  water  throughout. 

The  eventual  irrigating  power  of  this  series  of  canals  is  assumed  to 
be  limited  to  250  300  acres  of  rice  cultivation,  at  a  duty  of  2  cubic 
yards  per  hour  per  acre,  in  places  where  the  waste  water  is  lost,  and 
of  li  where  it  is  again  taken  up  by  the  canal ;  this  is,  however,  on  the 
supposition  that  these  canals  remain  dependent  on  the  rainy  season 
supplies  of  the  Tumbaddra ;  should  storage  reservoirs  be  employed, 
as  intended,  to  render  the  canals  perennial,  this  acreage  may  be 
doubled. 

The  QodaveH  Deltaic  Works  were  commenced  in  1847 ;  the  head- 
works  consist  of  a  long  low  dam  at  Dauleshwaram,  the  head  of  the 
delta,  where  the  river  is  6000  yards  wide,  from  which  channels  are 
taken  off  for  the  irrigation  of  the  eastern,  central,  and  western  portion 
of  the  delta.  The  irrigable  portion  of  the  delta  is  2500  square  miles, 
less  25  per  cent,  for  waste  land,  or  1200000  acres.      The  vqAissc 
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available  is  12  000  cubic  feot  per  second  in  the  flood  season,  during^ 
July,  August,  September,  and  October,  and  3000  as  a  Tm'niTwwTn 
during  the  rest  of  the  year ;  the  former  will,  at  the  duty  of  40  acres 
to  1  cubic  foot  per  second,  irrigate  480  000  acres  of  rice,  the  latter, 
at  the  duty  of  120  acres,  irrigate  360  000  acres  of  sugar-cane ;  hence 
two-thirds  of  the  delta,  or  840  000  acres,  may  be  irrigated  when  the 
works  are  completed;  at  present  the  total  acreage  irrigated  is 
264  717  acres,  or  less  than  one-third. 

The  dam  consists  of  several  portions  of  masonry  work  raised  to  a 
height  of  12  feet  above  the  river  bed,  broken  by  islands  amounting 
in  length  to  4500  feet,  and  connected  by  earthem  embankments.  The 
Dauleshwaram  portion  is  4872  feet  long,  founded  on  wells  6'  in 
diameter,  and  sunk  6' ;  it  is  19^  thick,  consisting  of  a  core  of  river 
sand  faced  by  a  curtain  wall  1'  high,  and  4'  feet  thick  at  the  base,  and 
a  masonry  counter-arched  fall  28'  broad  and  4'  thick ;  the  waste-board 
of  cramped  stone  is  19'  broad  and  4'  thick,  the  apron  80^  broad  of 
massive  stones ;  on  both  flanks  are  masonry  wing-walls  and  revet- 
ments, on  the  left  flank  a  lock,  head-sluices  to  the  channel,  and  under 
sluices  for  silt.  The  Ralli  portion  is  2862  feet  long,  but  has  a  core 
of  rough  stone.  The  Maddur  portion  is  1548  feet  long;  and  the 
Yegeshwaram  portion  2584  feet  long,  having  a  lock  and  head-slnices. 
The  earthen  embankments  are  7000  feet  long,  and  the  length  of  wing- 
walls  2500  feet.  The  efiective  height  of  the  dam  may  be  increased 
by  2  J  feet  by  means  of  planks  held  in  the  grooves  of  cast-iron 
standards,  '5'  square  and  10'  apart. 

The  irrigation  of  the  eastern  portion  of  the  delta  is  provided  for 
by  25  miles  of  main  longitudinal  channel,  4  miles  of  main  transverse 
channel,  75  miles  of  main  branches  by  Samulkotta  and  Coringa,  and 
a  series  of  smaller  transverse  channels,  making  on  the  whole,  with 
intended  extensions,  220  miles  of  main  channels,  from  which  the 
village  watercourses  will  be  supplied.  The  supply  for  this  portion 
of  the  delta  will  be  4000  cubic  feet  per  second,  or  enough  for  160  000 
acres  of  rice,  which  is  three-fourths  of  the  culturable  area. 

The  irrigation  of  the  central  portion  of  the  delta  is  provided  for  by 
the  Ralli  channel  and  its  transverse  lines,  which  amount  to  90  miles 
in  length,  and  other  channels  70  miles  more,  in  all  160  miles ;  one  of 
the  branches  of  the  Ralli  channel  crosses  a  minor  branch  of  the 
Western  Godavari,  in  the  Gunnaram  aqueduct,  which  carries  500 
cubic  feet  per  second,  and  irrigates  with  full  supply  26  000  acres  of 
rice  out  of  a  culturable  tract  of  60  000.  K  this  system  of  channels 
carnedi  at  full  supply  4000  cubic  feet  per  second,  they  would  be  able 
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to  irrigate  160000  acres  of  rice  and  120  000  of  sugar-cane,  or 
in  all  280  000,  or  five-sevenths  of  the  cnltnrable  area,  352  000 
acres. 

The  irrigation  of  the  western  tract  of  the  delta,  is  provided  for 
by  a  main  channel  brecdcing  off  into  a  scries,  having  an  aggregate 
length  of  154  miles,  an  extreme  western  channel  going  to  the  Colair 
lake  with  a  corresponding  net- work  of  channels  will  amoant  to  100 
miles ;  these  main  channels,  with  others  of  various  sorts,  will  in  all 
amoant  to  460  miles  for  the  western  tract,  and  will  be  capable  of 
eventually  irrigating  280  000  acres  out  of  a  culturable  tract  of  about 
480  000. 

The  original  estimate  of  Colonel  Cotton  for  these  works,  in  1845, 
amounted  to  £120  000,  and  in  1849  this  amount  had  been  spent  and 
the  original  works  half  completed ;  a  new  estimate  for  £240  000  was 
then  adopted,  and  in  1853,  £150  000  had  been  spent.  It  seems  that 
in  1849  the  irrigated  acreage  was  127  320,  yielding  £41  351  gross 
returns,  and  in  1864  was  202  111,  yielding  £123  187  gross  income, 
the  working  expenses  being  about  £26  390,.  and  the  net  income 
£96  797,  or  about  20  per  cent,  on  a  capital  outlay  up  to  that  time,  of 
about  £470  000. 

The  present  financial  state  is  shown  in  the  tabular  statement.  Of 
the  progress  of  the  works,  or  of  the  development  of  irrigation  there  is 
not  any  satisfactory  account  forthcoming  ;  it  would  appear,  however, 
that  a  quarter  of  a  century  has  been  spent  in  carrying  out  only  one- 
third  of  the  intended  irrigation  in  a  district  where  the  natives  are 
exceedingly  anxious  to  take  up  water,  and  that  the  accounts  are  still 
involved  in  obscurity. 

The  Kistna  Deltaic  Works^  designed  by  Captain  Orr,  were  begun  in 
1854  The  anient  at  the  head  of  the  delta  at  Bezwara  is  3750  feet 
long,  305  feet  broad,  and  has  a  height  21  feet  above  the  bed  of 
the  river,  or  21  feet  above  dry  season  level  of  the  water;  it  haa 
under  sluices  on  the  flanks*  At  this  point  the  river  is  5  to  6  feet 
deep  in  the  dry  season,  and  30  to  40  feet  in  the  mansun  season ;  the 
average  flood  is  24,  and  the  highest  31  feet  above  ordinaiy  low  water. 
In  the  dry  weather,  firom  November  to  June,  the  supply  of  the  river 
is  so  small,  being  principally  due  to  springs  in  the  bed,  that  the  dry- 
season  irrigation  would  be  unimportant ;  in  the  rice  season  the  stream 
is  continuous,  and  is  20  feet  deep.  The  irrigable  deltaic  area  on  each 
bank  is  1  250  000  acres,  requiring  31  250  cubic  feet  per  second ;  each 
channel  head  however  provides  only  3800  cubic  feet  per  second  in  the 
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rioe  seMOn,  ihe  channel  having  a  breaddi  of  M  feet  of 

10  feet  depth  of  water,  and  a  fiJl  of  one  foot  per  mile.     The  detaOi 

of  the  channeU  are  thus : — 

Bnadtk  of 

On  the  right,  or  Gantor  Bank :—  ^**^     ^*^' 

IGltt.  CfLpr.tee. 

Ut  Western  channel 50        1200  1| 

2nd  Central  channel 30  720 

3rd  EaHtem  channel 45         1S50  4^      63200 

On  the  left,  or  liasolipatam  Bide : — 

Ifit  channel     48        1500      3to44 

2nd  Drog  channel      57        1000  2i 

It  appears  that  there  are,  on  the  whole,  with  some  otiiera  not 
mentioned,  290  miles  of  channel,  and  that  the  total  snpplj  daring  tlie 
rice  season  amounts  to  only  7000  cnhic  feet  per  second.  The  acreage 
irrigated  in  1872-73  was  about  170  000,  out  of  an  acreage  of  280000 
possible  with  the  full  supply ;  we  may  hence  assume  that  only  thvee- 
fifths  of  the  irrigation  is  now  developed.  The  revenue  in  1855  was 
jK8800,  and  in  1863,  £50  000  ;  the  present  financial  condition  is  given 
in  the  tabular  statistics. 

All  records  of  progress  of  works,  and  of  development  of  irrigation 
on  those  works,  are  entirely  wanting.  At  present  the  channela  are 
being  enlarged  and  widened,  in  order  to  convey  enough  supply  for 
the  irrigation  of  430  000  acres. 

Th$  Pennar  Deltaic  Works  were  commenced  in  1849,  and  opened  in 
1855  ;  —they  consist  of  an  anicut  at  the  ferry  at  Nellor  about  1560 
feet  long,  and  the  main  or  Sarvaipalli  channel  from  it,  with  distri- 
butaries irrigating  the  right  tract  of  the  delta ;  that  on  the  left  bank 
being  high  land  is  not  irrigable.  The  supply  of  the  Pennar  being  pre- 
carious, the  Nellor  and  other  tanks  are  utilized  in  keeping  water  in 
reserve  and  supplementing  the  cliannels.  In  1857  the  anicut  was 
breached  for  282  feet ;  and  the  repairs  were  not  completed  until 
1861.  The  acreage  irrigated  in  1863  was  32  874 ;  the  acreage  in 
1872-73  is  stated  to  be  169  073 ;  but  it  is  probable  that  this  is  a 
mistake,  and  includes  irrigation  not  dependent  on  the  anient,  more 
especially  as  the  gross  proceeds  for  the  year  amount  only  to  J^954 ; 
see  tabular  financial  results.  It  is  now  proposed  to  enlarge  the 
channels,  and  further  develop  the  irrigation. 

The  Palar  Anient  and  Works,  in  Chinglepat  and  North  Arcot,  seem 
to  be  in  the  same  financial  condition  as  the  Pennar  works ;  see  tabular 
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financial  results.    There  is  no  official  record  available  for  ascertaining 
definitely  anything  about  the  progress  and  irrigation  of  these  works. 

The  Poinif  Alliabad^  Cheyar,  and  other  anicuts  in  North  Arcot  have 
their  financial  results  given  in  the  table* 

The  Vellar  and  other  anicuts  in  South  Arcot  yield  the  very  high  net 
profit  of  53  per  cent,  on  a  capital  outlay  of  JS52  055,  which  probably 
does  not  include  the  whole  cost  of  the  works.  There  is  no  informa- 
tion about  them  available. 

OThe  Kalerun  Deltaic  Works  are  an  improvement  and  enlargement  of 
very  ancient  native  works,  made  under  the  Telingi  rajahs.   The  grand 
anient  of  Seringham  was   in  1804,  when  Tanjor  was  ceded  to  the 
British,  a  solid  mass  of  rough  stones,  1080  feet  long,  40^  to  60^  broad, 
and  15  to  18  feet  high ;  this  gave  irrigation  both  along  the  Kalerun  and 
the  Kaveri,  on  the  former  165  000  acres,  on  the  latter  504  900  acres,  or 
669  900  in  all,  which  must  have  utilized,  at  the  duty  of  40  acres  of  rice 
cultivation  to  1  cubic  foot  per  second,  at  least  16  747  cubic  feet  per 
second  of  supply,  of  which  12  622  were  required  for  the  Kaveri,  and 
4125  for  the  Kalerun  irrigation.      In  point  of  fact,  however,  the  total 
volume  in  December,  1833,  was  16  875  cubic  feet  per  second,  of  which 
only  9375  went  along  the  Kaveri,  and  as  much  as  7500  along  the 
Kalerun.      To  remedy  this  an  anient  on  the  Kalerun  was  made  be- 
tween 1834  and  1836  by  Col.  Cotton ;    it  was  2250  feet  long,  and 
6'  thick,  its  height  5*3  to  7*3  feet,  made  of  brick,  capped  with  stone, 
the  foundations  3^  deep,  built  on  three  lines  of  wells  6'  deep,  and  6' 
in  external  diameter ;  the  apron  21'  broad,  and  1'  thick,  of  stone  in 
hydraulic  cement ;  there  were  twenty-two  sluices,  each  2f  wide,  by  3'5 
high,  to  clear  the  bed  of  silt.    In  the  year  following  its  construction  240 
feet  of  the  dam  were  demolished,  but  were  instantly  repaired.     In  1843 
additional  sluices  were  made,  giving  a  total  clear  lineal  waterway  of 
130  feet,  but  these  produced  little  good ;  and  it  became  evident  that  in 
remedying  one  evil,  the  works  were  causing  another,  the  Kaveri  was 
likely  to  suffer  firom  excess  of  water  in  the  same  way  as  the  Kalerun 
had  previously. 

In  1845,  Col.  Sim  made  a  regulating  masonry  dam,  1950  feet  long, 
across  the  head  of  the  ]^veri,  and  lowered  the  Kalerun  dam  for  a 
length  of  700  feet  by  2  feet,  this  put  the  regimen  of  the  Kaveri  and 
Kalerun  perfectly  under  control.  The  Kaveri  channel  is  now  a  channel 
of  irrigation  only,  it  is  sub-divided  into  small  channels,  and  its  entire 
volume  utilized  ;  the  Kalerun  channel,  besides  giving  irrigation,  is  the 
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main  drainage  channel  of  the  delta.  The  ixrigation  from  these  worics 
Ib  ihe  most  completely  developed  possible,  and  the  retnma  enonnoiislj 
profitable ;  the  navigation,  a  matter  of  very  inferior  impariaiioe  in 
such  a  conntry,  on  the  contraiy,  suffers  from  the  dams  and  the  sih 
deposited  above  them  ; — in  fact,  a  lock  on  the  Kalemn  dam  had  to  be 
tamed  into  a  double  sluice. 

The  Lower  Kalerun  dam  was  made  in  1837,  over  the  Kalemn,  at  70 
miles  below  Seringham,  the  head  of  the  delta,  wiUi  the   following 
object.     At  that  time  the  Upper  Kalerun  dam  had  forced  so  mnch 
water  into  the  Kaveri,  that  the  water  in  the  Kalerun  was  mnch  low- 
ered, and  a  large  amount  of  land  was  thrown  out  of  wator  command ; 
the  object  therefore  was  to  raise  the  water  in  the  Kalenm,  and  j«oover 
the  command  of  it.     The  length  of  the  Lower  Kalerun  dam  is  1900 
feet ;  its  section  consists  of  two  rows  of  wells,  6  feet  deep,  having  a 
sand  core    8^  x  4/  in  the  middle,  arched  over,  with  4  feet  of  solid 
masonry  above  them  for  the  foundations,  and  a  body  wall  above  7^  feet 
high :  when  the  water  level  reaches  to  the  top  of  the  anient,  the  depth 
of  water  in  front  is  7^^  feet ;  it  has  23  under  sluices,  giving  69  lineal 
feet  of  waterway,  and  an  apron  in  rear  24'  broad,  and  3^  thick.     The 
channel  head  above  this  dam  takes  off*  water  for  the  irrigation  of  a 
district,  eight  miles  below,  in  South  Arcot :  and  hence,  though  the 
principal  object  of  this  lower  dam  was  not  attained  by  it,  it  has  yet 
effected  a  useful  purpose.   In  18G3  and  1864  three  very  serious  breaches 
were  made  in  this  anient,  the  water  leaking  through,  and  probably 
also,  under  the  wells,  which  seem  to  have  been  carried  to  about  half 
the  depth  necessary  in  such  a  situation,  and  were  unprotected  by  any 
retaining  wall  or  apron  in  front :  it  appears  that  in  these  cases  the 
irregularity  of  the  bed  caused  the  current  to  impinge  and  concentrate 
its  effects  on  the  portions  of  dam  that  gave  way. 

The  acreage  irrigated  has  been  materially  increased,  as  well  as  saved 
from  ruin  by  the  former  works:  before  1836  it  was  670  000;  in  1850, 
716  524 ;  and  in  1872-73,  748  673.  The  increase  of  produce  effected 
by  irrigation  in  these  districts  varies  from  one-fifth  to  one-eighth  the 
gross  produce  of  rice,  or  five  to  seven  bushels  of  unhusked  rice  (padi) 
per  acre.  The  Government  revenue  in  which  the  water  rate  is  merged 
is  two-fifths  the  gross  produce,  and  varies  in  value  from  nine  shillings 
in  Tan j or  to  twelve  in  Trichinopoly,  and  fourteen  and  sixpence  in 
South  Arcot,  having  an  average  over  the  whole  of  the  districts  of  twelve 
shillings.  The  increase  of  annual  revenue  due  to  the  works  would,  there- 
fore, on  78  000  acres  amount  to  about  £47  000,  while  the  Government 
returns  for  1872-73  show  a  gross  return  of  £110  243;  see  tabular  statis- 
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tics.  It  is  probable,  therefore,  that  a  large  portion  of  this  latter  smn  is, 
strictly  speaking,  dne  to  the  works  of  the  Telingi  rajahs,  constructed 
before  Col.  Sim  put  the  regimen  of  the  rivers  under  control.  If  this 
is  the  case,  the  percentage  of  net  profit  due  to  the  British  works  must 
be  reduced  from  128  to  51  per  cent,  on  the  assumed  capital  outlay  of 
£81 014.  With  reference  to  this  latter  sum,  it  appears  merely  to 
include  the  cost  of  the  three  dams  and  headworks,  and  their  recon- 
struction and  alterations  from  1836  to  1850 ;  if,  however,  we  place  to 
the  capital  account  the  cost  of  channels  and  irrigation  works  depend- 
ent on  those  dams,  which  seems  according  to  some  accounts  to  amount 
to  £91  874  on  original  works  exclusive  of  repairs,  this  raises  the 
capital  account  to  £172  888,  and  lowers  the  net  profit  to  the  more 
reasonable  percentage  of  24. 

Apart,  however,  from  the  matter  of  returns,  both  of  finance,  of  irri- 
gation, and  of  works,  in  which  it  is  hoped  the  Madras  Presidency  is 
commencing  a  new  era,  it  is  an  undoubted  fact  that  the  complete  con- 
trol and  utilisation  of  so  large  a  river  as  the  Elaveri,  at  so  early  a  date 
as  1846,  within  ten  years  after  the  original  commencement  of  the 
restoration  of  the  works,  are  results  not  known  to  be  achieved  on 
any  other  irrigation  works  in  the  world  up  to  the  present  time.  They 
reflect  lasting  honour  on  the  names  of  Colonels  Sim  and  Cotton. 

The  AnicuU  of  Madura, — The  Suruli,  the  principal  tributary  of 
the  Yaiga,  joining  it  after  a  course  of  36  miles  from  Gudalur,  is 
entirely  utilized  in  the  irrigation  of  the  Kambam  valley ;  there  are 
ten  anicuts  across  it,  with  channels  and  tanks ;  the  first  is  situated  at 
half  a  mile  from  Gudalur,  whence  a  canal  on  the  left  bank  irrigates 
rice  lands  for  5^  miles,  and  eventually  falls  into  the  Kambam  tank : 
the  others  irrigate  a  narrow  strip  of  rice  cultivation  on  each  bank 
in  the  lower  part  of  the  Kambam  valley.  On  the  Yaiga  itself  are  two 
masonry  anicuts,  the  Perani  and  the  Chitani,  situated  22  and  18  miles 
respectively  above  the  city  of  Madura,  which  are  said  to  have  been 
built  fiy  two  fiivourite  dancing  girls,  favourites  of  one  of  the  Naik 
kings  of  Madura :  the  channels  from  them  are  in  bad  order.  Below 
the  Chitani  there  are  no  dams,  the  slope  of  the  ground  allowing 
channels  to  be  taken  off  without  the  aid  of  anicuts.  The  supply  of 
the  Yaiga  is  so  deficient  in  its  lower  parts,  in  the  Ramnad,  that  any 
irrigation  from  it  is  only  on  a  very  small  scale. 

The  supply  of  the  river  Oundu  is  very  small,  the  local  rain&U 
being  only  18  inches  yearly ;  on  it,  east  of  the  town  of  Kamndi, 
1 8  miles  from  the  sea,  is  an  anient  large  dam,  made  of  loosely  built 
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stone ;  a  channel  from  it  takes  its  water  to  the  Elallavi  lake.  On  the 
river  Vaipar  are  seyeral  stone  anicnts,  and  on  its  tribntaries  are 
storage  tanks ;  the  amount  of  irrigation  effected  from  these  two  latter 
rivers  is  unknown. 

The  Anieuts  of  the  TambrapurHi, — There  are  seven  anicnts  on  this 
river.  The  first  is  the  Thalaj  anient,  just  below  the  falls  of  Papan- 
assam,  it  is  renewed  annually  with  stakes  and  brushwood ;  it  has  two 
channels,  one  10  miles  long  on  the  north  bank,  and  one  6  miles  long  on 
the  south,  each  ending  in  a  tank.  The  second  is  the  Nathiani  anient, 
6  miles  below  the  former,  it  is  a  very  ancient  structure,  consisting 
of  large  blocks  of  stone  placed  obliquely  across  the  river,  and  is 
468  feet  long ;  only  one  channel  flows  firom  it,  for  12  miles  on  the 
north  bank,  which  irrigates  1119  acres,  yielding  a  revenue  of  £1297. 
The  third  is  the  great  Kaunadien  anient,  built  of  cut  stone,  it  is 

9  feet  high,  and  has  a  top  width  of  6  feet ;  it  has  also  a  large  rough 
apron  varying  from  35  to  160  feet  in  width ;  the  anient  is  divided 
into  two  pieces  by  a  rocky  island.  A  channel  firom  it  on  the  south 
side  is  22  miles  long,  irrigates  9574  acres,  and  yields  a  revenue  of 
£17  981 ;  the  Kannadien  channel  flows  through  the  town  of  Semn- 
Mahadevi,  9  miles  west  of  Tennevelli.  The  fourth  is  the  Kodagmn 
anient,  six  miles  below  the  last,  it  is  2287  feet  long,  of  cut  stone 
roughly  pat  together ;  it  has  one  channel  from  it  on  the  north  side 

10  miles  long,  irrigating  5433  acres,  and  yielding  £6106  of  revenue. 
The  fiflh  is  the  Palavur  anient,  2  miles  east  of  the  town  of  Serun- 
Mahadevi,  it  is  2532  feet  long,  its    channel  on  the  south  side  is 

26  miles  long,  supplies  54  tanks,  and  terminates  near  Palamcotta,  and 
irrigates  2865  acres,  yielding  £5468.  At  a  mile  and  a  half  below  the 
Palavur  is  the  sixth  or  Sutamelli  anient,  2  miles  east  of  the  town  of 
Semn-Mahadevi,  divided  by  a  rock  into  two  portions,  its  channel  on 
the  north  side  is  14  miles  long,  supplying  two  distributaries,  passing 
through  the  town  of  Tinnevelli,  which  irrigate  1806  acres,  yielding 
£3299  of  revenue. 

The  seventh  anient,  18  miles  below  the  last,  is  the  Murdur  anient, 

27  miles  from  the  sea ;  it  is  of  horseshoe  shape,  4028  feet  long,  and 
supplies  a  channel  on  either  side ;  its  escape  weir  is  of  beautifully  cut 
stone  work.  Its  channels  run  in  and  out  of  several  large  tanks,  and 
irrigate  14  4O0  acres,  yielding  a  revenue  of  £17  700.  Below  this 
anient  are  four  channels,  irrigating  4280  acres,  and  yielding  £4980  of 
revenue. 

The  total  amount  of  irrigation  effected  by  these  native  works  is 
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39  578  acres,  yielding  £56  828 ;  the  repairs  only  cost  1^  per  cent,  on 
the  revenue. 

The  English  anient  at  Strivigantam,  12  miles  below  Mnrdnr,  will 
be  138(y  long,  6'  high,  and  7j^'  broad,  founded  on  wells ;  it  will  irrigate 
15  000  acres  on  the  north  and  15  000  on  the  south  bank,  and  supply 
Tuticorin  with  water  ;  it  was  commenced  in  1869,  on  an  estimate  of 
£83  160 ;  in  1873  £,7Q  878  had  been  spent  on  construction;  it  is,  there- 
fore, probably  nearly  completed  now. 

The  estimated  amount  of  water  from  this  river  that  is  utilized  for 
irrigation  is  given  in  the  brief  account  of  the  river  Tambrapumi, 
page  [26]. 

Thb  Amours  and  Channels  of  Maisur. 

Oensral  description  of  Works. — The  ordinary  stone  dam  or  anient  in 
Maisur  varies  from  7  to  25  feet  in  height,  it  consists  of  a  mass  of  dry 
rubble,  faced  with  large  stones,  placed  on  a  rocky  site;  the  frt>nt 
casing  of  stones  3^^  x  1  j^^  X  1^ ;  the  rear  aprons  of  large  stone  blocks 
9'  X  3i'  X  2^,  each  stone  projecting  for  one-third  of  its  length  beyond 
that  above  it,  or  about  2^';  the  interstices  are  filled  with  small  rubble  ; 
these  works  are  unstable  and  leaky,  allowing  all  the  summer  discharge 
to  escape,  and  only  supplying  the  channels  in  season  of  flood,  when 
again  they  are  easily  damaged  and  breached ;  the  dams  are  curved  and 
point  up  stream,  having  a  length  about  double  the  width  of  the  river, 
the  crown  is  lower  near  the  head-sluices  to  relieve  the  pressure  against 
them  in  flood.  The  head  sluices  consist  of  rough  stone  uprights,  4  or 
5  feet  apart  with  stone  caps  over  them ;  the  openings  being  stopped 
with  brushwood  or  earth  filling ;  they  are  very  inefficient  during  floods, 
which  frequently  enter  uncontrolled  and  make  breaches. 

The  channels  are  rough  trenches  generally  following  the  undulation 
of  the  country,  and  very  badly  levelled  and  set  out ;  the  irrigation 
water  is  taken  direct  from  them  through  cuts  made  in  their  banks,  the 
escapes  for  surplus  water  are  made  in  the  same  way ;  the  channels 
sufler  much  frt)m  silt  brought  down  by  cross  drainage,  also  from  breach- 
ing by  the  same  cause ;  althoug^h  there  are  rough  stone  silt  dams  as 
well  as  solidly  constructed  outlets  at  low  levels  for  holding  up  and 
scouring  out  the  silt  from  the  channels. 

BemilU. — The  financial  results,  as  shown  in  the  tabular  statistics, 
appear  meagre  in  the  extreme ;  the  causes  being  that  not  half  the 
irrigated  land  is  assessed,  and  that  the  irrigation  water  is  surrepti- 
tiously taken.  It  appears  that  if  all  the  irrigation  were  paid  for,  the 
tanks  of  the  Maisur  division  would  yield  £56  900,  and  those  of  the 
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Hassan  division  £84  450  more  than  the  revenne  collected ;  or  that, 
ronghlj  for  the  whole  province,  £200  000  a  year  remains  nnrealised. 

According  to  paragraph  14  of  Major  Pearse's  letter  of  14th  March, 
1866,  two  British  officials,  Major  Montgomeiy  and  Colonel  Clerk,  after 
several  attempts  to  indnce  the  landholders  to  pay  for  the  water,  were 
obliged  to  give  it  up. 

Works  recently  reconstructed, — The  Maddor  anient,  on  the  Shimsha, 
is  founded  on  rock,  and  is  900  feet  long ;  it  raises  the  water  level  14 
feet,  and  feeds  eight  tanks  ;  capital  outlay  £9200,  net  returns,  £4145. 

The  Sriramadevara  anient,  on  the  Hemavatti,  completed  in  1870, 
has  a  length  of  1000  feet,  an  average  height  of  22  feet,  and  a  delivery 
of  400  cubic  feet  per  second ;  outlay  £35  000,  estimated  net  returns 
£9600,  at  a  duty  of  40  acres  to  the  cubic  foot  per  second  supply,  and 
a  water  rate  of  12s.  per  acre  ;  this  gives  a  percentage  of  27  per  cent, 
on  the  capital. 

The  Marchalli  anient,  on  the  Lachmantirth,  has  a  length  of  268  feet, 
and  raises  the  water  12  feet ;  outlay  £2388,  estimated  returns  about 
27  per  cent. 
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Da(a  of  the  MaUur  Tank  System. 


Toul  l«B^h  AmoaBt  of   Amount  of 
of  nudn        draioage       dndsage 
Muei'ft  Kjv££  Sistem.     riTers  vitL   ar«a  nniii-    am  inter- 

their  xdBa-  terc^pted  bj   oepted  bj 
enU.  tanks.  tanks. 


Total 

of  each 
catchment 


Ifko|MrtuM 
of  wholt 


thetuk 


I.  Ki»tDa  Kiver 

•  • 

Miltf. 

on 

S'4.  n>i!a 

4eU 

11.  PuLir   ... 

47 

... 

III.  Penner 

... 

107 

334 

IV.  Pcnnar 

... 

:V2 

1 

222 

V.  Kavcri... 

.  •  • 

«>i<; 

',■    5  520 

VI.  WcKteru 

Cuast 

1 

rivers 

• 

... 

103 

(      18S1 

Tutuls    for    Mttisur 
Curjj 

atid 

ir,«jo. 

1 
12  777 

§q.  milea.     Sq.  milea. 

0  217      11031 

I 

1030        1036    i 


194G    '     2  280    : 

1  i 

1319    j     1541 

i  I 

5  520       5  709    t  11  2i)5 


1881 


Deduct  for  Cur;;     ... 


1795 


Tulal  for  MftiHur  only    ..         1010      ]    10  982   [   10  287 


1795 
27  269 


56 
100 
85 
85 
51 


56 


60 


Data  of  the  Maisur  Tank  Si/Htan— continued. 


% 


MaISDR   TaMK   SvtiTKM. 


'     Uniler  wet 

anH  garden 

,   cultivation. 


Acres 
From  1H37-3H  to  1841-42     ...    1  705  loO 


Kruiii  1H42-13  to  lH4rH-|.7  . 

Kroiii  1847-1>S  to  lHol-52  . 

b'roin  IH.VJ  r>3  to  1850-57  . 

Fi-oni  lH-,7-r>H  to  lH(;i-02  . 
25  yoarH'  total  outlay  ... 

25  yoaPB  on  channel  repairs  . 
25  yearn  on  tanks  only 


Expenditure 

on  repairs 

other  tban 

the  Astagram 

channels. 

£ 

47  018 


Average 
yearly  oatlaj. 


'  1  849  759  ,  43  225 

1  2  087  929  '  58  04i 

i        I 

2  100  309  1  70  021 

I  ! 

'  2  109  04<J  '  80  702 


299  070 


2 12  133 


9  (.>85 
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Brief  Accounts  of  Indian  Reservoirs. 

The  Delhi  and.Ourgaon  Irrigation  WarJes. — These  works,  consisting 
of  lakes  and  reservoirs,  have  for  their  object  the  irrigation  of  the 
country  south  of  Delhi,  and  in  the  Gurgaon  and  Rohtuk  districts,  a 
great  deal  of  which  is  broken  by  small  ranges  of  low  hills.  Attention 
was  directed  to  these  districts  by  the  fearful  famine  of  1860,  and  the 
Government  of  the  Panjab  then  ordered  that  works  should  be  com- 
menced to  relieve  the  fearful  destitution  and  starvation  then  existing ; 
the  country  was  therefore  examined,  and  surveys  and  design  made- by 
Mr.  L.  D'A.  Jackson,  then  assistant  CDginecr  in  sole  charge,  for  the 
construction  of  storage  reservoirs  in  the  Gurgaon  and  neighbouring 
districts.  The  larger  reservoirs  and  artificial  lakes  in  the  Delhi  dis-* 
tricts,  originally  constructed  by  the  Mughal  emperors,  Akbar,  Firoz 
Shah,  Aurang  Shah,  and  Firoz  Toghlak,  have  been  reconstructed  and 
renewed  since  British  occupation^ 

The  natural  basins  are : — 

1.  The  Najafgarh  Jhil,  filled  by  the  Sahiba  and  its  affluents. 

2.  The  combined  Kotila,  Chandni,  Malab,  and  Rajira  Jhils. 
These  collect  the  drainage  of  the  surrounding  country,  and  saturate 

the  land  submerged  ;  the  water  is  then  drawn  off  by  escape  channels, 
and  the  beds  of  the  jhils  are  cultivated.  The  superintendence  of 
these  works  was  originally  under  Mr.  Batty. 

The  artificial  reservoirs,  twenty-four  in  number,  are  formed  by 
embanking  natural  ravines,  or  outfalls  of  natural  lines  of  drainage; 
they  have  weirs  and  escape  channels  ;  irrigation  is  thus  given  to  the 
lands  above  the  embankment,  which  are  cultivated  after  submersion, 
and  to  lands  below  by  means  of  the  supply  given  through  the 
channels.     The  names  of  these  reservoirs  are  :— 


In  the  Delhi  District, 

1.  Tilpat. 

2.  Palara. 

3.  Yahia  Nagar. 

4.  Chattarpur. 

5.  Khirki. 

G.  Naryanah. 

7.  Toghlakabad,  No.  1. 

8.  Toghlakabad,  No.  2. 

9.  Bijwasan. 

10.  Aurangpur. 

11.  AmbarherL 

12.  Badli. 


In  the  Gurgaon  District, 

1.  Tharsa. 

2.  Gwalpaharr. 

3.  Ghatta. 

4.  Pattri  Katal. 

5.  Kala. 

G.  Raisinah. 

7.  Bar  Gujai'. 

8.  Dahina. 

9.  Nand  Rampur  Bas. 

10.  Bahari. 

11.  Jhand  Sarai. 
12    Garhi  Harsaru. 
13.  Banarsi. 


[88] 

Both  the  jhils  and  tho  storage  resenroirs  are  entmsly  dependent  tat 
their  supply  on  the  annual  rainfall,  and  many  of  them  beings  shaHov, 
the  loss  from  evaporation  is  very  great :  unfortonately  also,  aevenl  d 
tho  reservoirs  constructed  in  and  shortly  after  18G1  were  vexy  defec- 
tive, both  in  level  and  in  alignment,  their  execution  baring  bees 
entrusted  to  native  clerks  of  the  collectors'  law  coarts. 

Even  under  these  extreme  disadvanta^]^,  the  works  paid  in  1S72*73 
as  much  as  10^  per  cent.,  although  the  water  rate  was  incretsed 
only  two  years  before.  Of  the  total  acreage  irrigated  in  1872-73, 
10  919  acres  were  under  crops,  three  quarters  of  which  were  wheat, 
and  1G8  acres  in  grass ;  7CCyC}  acres  being  supplied  by  the  reservoirs, 
and  3421  acres  by  the  natural  jhils.  The  estimated  value  of  the 
crops  of  the  year  was  £iO  207,  irrespective  of  the  plantations,  which 
at  present  consist  of  14  300  trees. 

The  Bandalkand  Irrigation  Works  consist  of  five  lakes  and  reser- 
voirs in  the  Hamirpur,  and  seven  in  the  Jhansi,  districts  ;  they  have 
unfortunately  remained  under  the  control  of  the  tax  collectors,  and 
little  is  known  of  the  correct  amount  of  land  irri^ted  by  them ;  t 
certain  amount  is  irrigated  free  of  water  rate,  althongh  an  increased 
land  vaio  is  levied  on  it.     Tho  names  of  the  tanks  and  lakes  are : — 
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2 

I.  r   ^/ 
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1170 

Tho  former  works  iriMgnte  the  land  of  thirteen  villages,  the  latter 
tliat  of  sixty-one  ;  about  three-quarters  of  the  crops  grown  are  cereals, 
including  rice  and  one-fifth  sugar-cane.  Some  approximate  financial 
results  of  these  works  will  be  found  in  the  tabular  statistics.  It  is  in 
contemplation  to  increase  the  irrigation  from  these  works  to  22  000 
acreM. 
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The  Agra  Irrigation  Works. — These  works  consisted  mainly  of  the 
Fattahpnr  Sikii  Basin,  and  its  channels  the  Khairagarh  and  Barkol, 
which  were  supplied  with  water  by  the  Utangant  torrent.  The  latter 
rises  in  Jaipur,  flows  through  Bhartpar,  and  enters  the  Agra  district 
about  7  miles  east  of  Fattahpur  Sikri.  The  revenue  derived  was  not 
only  from  the  water  that  passed  into  the  channels  &om  the  overflow 
of  the  Utangan,  but  from  the  cultivation  of  a  portion  of  the  area  of 
the  basin  itself.  The  irrigation  from  these  works  being  very  irregular, 
and  objections  having  been  -rased  against  them  on  sanitary  grounds, 
the  works  instead  of  being  improved,  were  abandoned  in  1865.  At 
that  time  the  capital  outlay  had  amounted  to  £22  312,  and  the  total 
direct  income  was  £11  077,  independently  of  increased  land  revenue, 
which  probably  amounted  to  as  much  more  ;  the  yearly  direct  income 
varied  between  £400  and  £1400,  the  working  expenses  from  £600  to 
£1200.  It  would  appear  therefore  that^  as  also  in  the  more  recent 
case  of  the  Agra  canal,  irrigation  from  which  is  not  to  be  allowed 
within  5  miles  of  Agra,  there  are  some  traditions  of  local  magistrates 
and  tax  collectors  that  are  opposed  to  irrigation. 

The  Bajputana  Irrigation  Works  in  Mhairwara  and  Ajmir  consist  of 
a  number  of  reservoirs,  or  tanks,  having  banks  generally  of  earth, 
though  in  many  cases  pitched  or  faced  with  rubble,  and  having  masonry 
weirs  and  escapes  :  they  were  made  or  reconstructed  under  the  orders 
of  Colonel  Dixon,  the  political  agent,  and  had  the  beneflcial  eflect  of 
settling  the  rather  troublesome  population  of  those  districts,  and 
increasing  it  from  39  658  in  1835  to  130  282  in  1845;  the  cost  on 
original  works  being  according  to  old  accounts  only  £24111,  from 
18-i5  to  1846,  and  resulting  in  an  increase  of  annual  revenue  of 
£11300  in  addition  to  £9680  obtained  annually  till  then.  The 
following  are  data  of  these  works  according  to  old  accounts : — 
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94 
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the  extreme  depths  varying  from  15  to  28  feet. 

In  1867  these  works  were  examined  by  an  officer  of  considerable 
irrigation  experience,  Captain  F.  J.  Home,  R.E.,  and  the  accounts  of 
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their  financial  results,  which  were  then  considered  exaggerated, 
entirely  readjosted :  it  is  from  his  report  therefore  that  the  abstract 
of  financial  results  g^veti  in  the  tabular  statistics  has  been  compiled. 
In  consequence  of  the  number  of  tanks,  nine  varying  so  considerably 
from  that  for  which  the  more  recent  returns  are  given,  namely,  six, 
it  is  impossible  to  institute  a  perfect  comparison  between  the  two  sets 
of  returns ;  but  it  is  perfectly  evident  that  the  gross  return  of  47  per 
cent.,  shown  by  the  older  returns,  maybe  generally  correct.  It  appears 
also,  according  to  other  accounts,  that  the  total  number  of  tanks  in 
Mhairwara  must  be  considerable,  as  they  cover  a  total  area  of  8675 
acres,  and  irrigate  14  826  acres  of  land. 

In  the  other  states  of  Kajputana  still  under  native  rulers,  there  have 
doubtless  been  a  large  number  of  tanks  ;  in  fact,  the  strong  affinity  of 
race  between  the  Seljukian  dynasties  of  Maisur  and  Rajputana  would 
lead  one  to  believe  that  there  must  have  been  a  strong  similarity  in 
condition  of  the  two  countries.  Maisur  is  still  covered  with  tanks, 
and  it  is  hence  probable  that  Rajputana  was  also  as  much  developed  in 
this  respect  as  its  physicial  conditions  and  limited  rainfall  allowed. 
In  Udaipur  there  are  stijl  one  or  two  magnificent  lakes,  and  in  Marwar, 
Jaipur,  and  Bhartpur,  there  are  traces  and  ruins  of  large  reservoirs, 
in  some  cases  nearly  obliterated  by  drift  sand :  the  primary  cause  of 
the  decay  of  these  states  was  doubtless  their  proximity  to  the  seat  of 
government  of  the  Mughal  emperors,  who  plundered  and  devastated 
them;  and  it  would  at  first  sight  appear  surprising  that  under  British 
suzerainty  they  have  not  recovered  and  reconstructed  their  large  and 
numerous  reservoirs  of  irrigation.  The  causes  are  probably  these: 
these  states  do  not  yet  possess  the  confidence  of  the  British  capitalist; 
and  hence,  in  order  to  carry  out  extensive  works,  they  would  have  to 
borrow  from  native  bankers  at  an  interest  of  10  or  12  per  cent., 
while  the  works  under  good  management  would  probably  eventually 
only  pay  18,  and  in  a  partially  developed  state  only  9  per  cent. :  in  the 
second  place,  in  order  to  design  and  execute  the  works  really  well,  they 
would  require  the  services  of  skilled  civil  engineers.  On  this  latter 
point,  diflSculties  are  thrown  in  the  way  by  British  officialism.  In 
former  times,  Englishmen  and  Europeans  were  prevented  from  entering 
into  the  service  of  native  princes  from  fear  of  their  using  their  skill  in 
assisting  in  military  operations  and  rebellion  against  the  British  Go- 
vernment :  at  present,  although  this  fear  can  hardly  be  said  to  exist,  the 
tradition  still  remains  in  the  minds  of  the  British  political  agents,  many 
of  whom  prevent  the  native  princes  from  engaging  the  services  of 
independent  Englishmen,  and  l»y  persevering  in  this  childishly   weak 
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policy,  pufc  an  efiective  bar  to  the  development  of  agricolture,  and 
consequently  to  the  material  progress  of  native  states. 

The  Tanks  of  the  Bombay  Presidency  are  comparatively  very  few,  and 
there  is  very  little  information  about  them  available.  In  the  district  of 
Nimar  in  the  Narbada  valley,  is  the  lake  of  Lachma,  a  tank  three  miles 
in  circumference ; — this  with  105  other  tanks  have  been  restored  since 
the  British  occupation  The  Chuli  tank  on  the  Chuli  raviue,  and  the 
Mandleshwar  tank  on  the  Chapra,  both  in  the  Narbada  territory, 
were  restored  in  1846  by  Captain  Trench.  In  Gujrat  a  reservoir  pro- 
ject, in  connection  with  the  Tapti,  intended  to  irrigate  194  000  acres,  is 
being  carried  out.  In  Kandeish  a  storage  reservoir  in  the  Gima  valley, 
and  the  Mukti  reservoir,  near  JDhulia,  are  being  constructed :  the  latter 
has  a  catchment  basin  of  50  square  miles,  which  with  a  rainfall  of  16^ 
inches,  will  collect  477  millions  of  cubic  feet,  of  which  the  tank  will 
hold  about  346  millions.  The  Hartola  tank  in  the  same  district  is 
nearly  completed.  In  Dharwar,  the  Mad  dak  tank  has  recently  been 
constructed ;  and  some  storage  works  in  the  valley  of  the  Yerla,  a 
tributary  of  the  Krishna,  are  being  made.  The  Ekruk  tank  on  the 
Adila,  a  tributary  of  the  Bhima,  in  the  neighbourhood  of  Sholapur,  was 
completed  in  1869,  and  supplied  water  for  irrigation  in  1871.  The 
following  are  the  data  of  the  original  project,  which  was  carried  out 
by  F.  D.  Campbell,  Esq.,  C.E.: — 

Catchment  area  141   square  miles,  minimum  annual  rainfall   12 
inches. 

Flood  discharge  of  Adila  river  37  000  cubic  feet  per  second. 

A  flood  lasting  five  days  gives  11  000  cubic  feet  per  second. 

Fall  of  Adila  river  7  feet  per  mile,  or  1  in  754. 

Area  of  reservoir  6}  square  miles,  maximum  depth  60  feet. 

Contents  of  reservoir  2222   millions  cubic  feet  =  6^  inches  over 
catchment  area. 

Calcalated  maximum  velocity  over  waste  weir  10  feet  per  second. 

Waste  weir  discharge  250   x    5   x   10  =  12  500    cubic  feet  per 
second. 

Total  length  of  dam  7200  feet,  including  2730  feet  masonry. 

Maximum  height  of  earthwork  72  feet,  or  7  feet  above  flood  line. 

Height  of  masonry  3  feet  above  highest  flood,  exclusive  of  3  feet  of 
parapet  above. 

Evaporation  of  7  feet  deep  during  eight  mdiiths  =  750  millions 
cubic  feet. 

Unutilized  residue  in  bottom  of  tank  20  millions  cubic  €0^,^*. 
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It  has  three  canals  of  discharge. 

i.  The  lowest,  perennial,  28  miles  long;  its  head  is  20  feet  above 
the  level  of  the  bottom  of  the  tank,  having  a  discharge  of  44  cnbic  feet 
per  second,  an  area  irrigable  from  it  of  25  square  miles,  8  months, 
912  millions  cubic  feet. 

ii.  The  next  for  a  four  months'  supply,  18  miles  long.  Laving  a 
discharge  of  42  cubic  feet  per  second,  an  area  irrigable  from  it  of 
21  square  miles,  4  months,  435  millions  cubic  feet. 

iii.  The  next  for  a  four  months'  supply,  4  miles  long,  having  a 
discharge  of  21  cubic  feet  per  second,  an  area  irrigable  from  it  of 
10  square  miles,  4  months,  217  millions  cubic  feet.  The  discharge  of 
one  4  months'  channel  will  be  compensated  by  the  mansnn  supply. 

The  duty  of  water  for  rice  alone  is  fi^ed  at  96  acres  per  cubic  foot 
per  second,  and  that  for  all  crops  together  at  150. 

Acreage  under  command,  35  840  acres.    . 

The  water  rate  for  perennial  crops  is  16s.,  and  that  for  one  season 
crops  8s. 

The  calculated  cost  of  the  works  was  £100  937,  including  15  per 
cent,  for  cstublishment ;  the  probable  gross  revenue  will  be  eventually 
£11  820,  and  the  cost  of  maintenance  £2323,  at  3  per  cent,  on  the  out- 
lay; this  will  yield  a  net  revenue  of  £9491,  or  9  per  cent,  on  the 
capital  expended. 

The  Tanks  of  Haidarabad  are  extremely  numerous,  the  whole  of  the 
eastern  portion  of  this  state,  which  consists  of  black  cotton  doil,  is 
thickly  studded  with  them.  They  are  all  of  the  Madras  type,  similar 
to  those  of  the  neighbouriog  districts  of  Kamul  and  Ballari,  and 
are  believed  to  be  in  a  very  bad  state  of  repair.  There  are  also  a 
few  largo  artificial  lakes,  as,  for  instance,  the  Hosen  Sagar  near 
Sikandarabad,  and  traces  of  others,  that  at  one  time  must  have 
supplied  a  large  amount  of  irrigation.  There  is  unfortunately  no  infor- 
mation available  as  to  their  number  or  effective  power,  Haidarabad 
being  an  independent  state  extremely  jealous  of  external  interference. 
Latterly,  however,  the  Nizam  has  engaged  the  services  of  two  or 
three  English  civil  engineers,  and  it  is  hence  very  probable  that  he 
has  also  commenced  the  repair  and  reconstruction  of  these  tanks,  with 
the  view  of  redeveloping  the  irrigation  of  his  province. 

The  Tanks  of  the  Central  Provinces  and  Berar  are  like  those  of 
Bombay,  comparatively  few  and  generally  of  small  size  ;  the  Kanhan 
reservoir  project,  which  involves  a  storage  reservoir  covering  41  square 
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miles,  a  main  canal  142  miles  long,  and  minor  channels  of  400  miles 
in  the  aggregate,  is  still  not  commenced.  In  Berar,  a  fertile  cotton 
producing  province  that  would  gain  enormously  from  the  advantages 
of  irrigation,  the  tanks  are  few,  small,  and  in  a  neglected  condition: 
it  was  at  one  time  imagined  that  any  large  storage  projects  for  irriga- 
tion in  this  province  would  be  perfectly  impracticable  owing  to  the 
configuration  of  the  country ;  yet  in  1870,  three  large  storage  reser- 
voirs were  proposed  at  Donad,  Balapur,  and  Akola,  as  well  as  several 
smaller  ones,  by  a  civil  engineer  appointed  by  the  Government  of 
India.  Most  of  these  projects  were  then  set  aside  by  the  provincial 
head  of  the  Public  Works  Department,  a  military  man  totally  dis* 
believing  in  the  advantages  of  irrigation  ;  it  is,  however,  now  pi.*obable 
that  under  future  more  enlightened  auspices,  Berar  may  be  changed 
into  a  well  irrigated  and  permanently  prosperous  province. 

The  Tanks  of  the  Madras  Preside^wy  are  exceedingly  numerous, 
and  some  of  them  are  of  immense  size.  They  were  made  under  the 
auspices  of  the  Telingi  rajahs.  In  the  fourteen  districts  of  Madras 
there  are  said  to  be  53  000  tanks,  having  probably  30  000  miles  of 
embankments,  and  300  000  separate  masonry  works,  weirs,  and 
escapes,  yielding  a  revenue  of  £1  500  000,  and  having  a  capital  sunk 
in  them  of  15  millions  sterling ;  yet  in  1853  not  one  new  tank  had 
been  made  by  the  English,  while  a  very  large  proportion  of  them  had 
been  allowed  to  fall  into  disrepair. 

The  Viranam  tank,  a  very  ancient  work,  has  an  area  of  35  square 
miles,  and  an  embankment  12  miles  long ;  it  is  still  in  full  operation, 
and  secures  an  annual  revenue  of  £11  453. 

The  Chembrambakam  tank  in  Chingliput  resembles  a  large  natural 
lake,  its  embankment  is  more  than  three  miles  long,  and  it  has  six 
waste  weirs  with  a  total  width  of  676  feet  of  escape ;  it  supplies 
10  000  acres  of  rice  cultivation.  This  tank  was  enlarged  in  1 867, 
at  a  cost  of  £41  000. 

The  Madrantakam  tank  at  Chinglipat  yielded  a  gross  return  in 
1872  of  £1697,  and  a  net  return  of  £1607  on  a  capital  outlay,  pro- 
bably spent  in  repairs  or  reconstruction,  of  £2248. 

The  Kaveri-pak  tank  in  North  Arcot  is  also  of  great  antiquity ;  it 
is  fed  from  the  Paler  river,  and  has  an  embankment  nearly  four  miles 
long,  reveted  with  stone  along  its  entire  length ;  it  irrigates  about 
7700  acres.  In  1872  its  banks  were  much  damaged  by  an  extra- 
ordinary flood,  and  some  repairs  were  therefore  made.  There  is  a  large 
number  of  tanks  in  the  deltas  of  the  large  rivers  of  MadraB/  the 
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irrigation  from  which  is  unfortunately  mixed  up  with  tbat  from  the ' 
deltaic  canals  in  tho  official  reports  and  returns. 

In  fact;,  tho  paucity  of  trustworthy  statistics  of  the  tanks  of 
Madras,  on  which  the  agricultural  prosperity  of  so  large  a  portion  of 
India  is  dependent,  and  on  the  repairs  of  which  all  capital  jndiciooBly 
spent  seems  to  yield  from  20  to  50  per  cent.,  is  most  surprising. 

The  Tanks  of  Maisur  are  of  native  origin ;  they  are  exceedingly 
numerous,  the  whole  country  being  amply  supplied  with  irrigation  by 
many  series  or  chains  of  them  ;  they  are,  however,  owing  to  the  eon- 
figuration  of  the  country  of  small  size,  excepting  in  a  few  cases.  They 
are  in  a  very  deteriorated  condition,  and  have  suffered  greatly  from 
silting  up  and  want  of  repair  and  good  management.  The  lai^ 
amount  of  water  utilized  in  tanks  in  Maisur,  is  indicated  in  the  tables 
of  the  rivers  of  that  province.  It  is  unfortunate  that  the  irrigated 
acreage  duo  to  tanks  and  anicuts  are  inseparably  mixed  in  o£Bcial 
records.  Maisur,  although  it  is  a  plateau  elevated  from  2000  to  3000 
feet  above  mean  sea  level,  has,  with  the  exception  of  the  Mnlnad  or 
rainy  tracts  of  the  Western  Ghats,  a  small  amount  of  rainfall,  thus 
forcing  water  storage  as  an  absolute  necessity  on  its  population ;  it» 
on  the  other  hand,  has  the  disadvantages  of  a  sandy,  and  hence 
leaky  soil,  and  comparatively  steep  surface  slopes,  the  longitudinal 
slopes  varying  from  10  to  20  feet  per  mile  in  the  flatter  portions,  and 
60  to  80  in  the  steeper  portions  of  the  country,  and  more  rapid  trans- 
verse slopes;  the  former  enhancing  the  cost  of  storage,  the  latter 
diminishing  the  breadth  of  irrigation  from  the  channels  of  distribution. 
Stone  is  abundant,  and  is  worked  into  rough  forms,  though  too  hard 
to  be  dressed  for  ordinary  work.  It  is  a  gneiss  of  horizontal  cleavage, 
which  splits  into  sheets  3  to  24  inches  thick,  and  25  to  35  feet  long, 
and  is  excellent  for  slabs  and  pillars,  too  hard  to  be  dressed  for  ordinary 
work.  For  pitching,  natural  boulders  arc  used,  which  are  generally  very 
round.  Clay,  on  tho  other  hand,  is  very  rare  ;  and  lime  is  generally 
to  be  found  only  at  great  distances,  and  is  hence  often  dispensed  with 
in  anicuts  and  overfalls,  which  are  made  to  depend  for  stability  on  the 
size  and  position  of  the  boulders. 

According  to  the  returns  of  1853,  there  wore  26  450  tanks  in  Maisur, 
of  which  4106  were  large  irrigating  reservoirs,  13  737  small,  and  8609 
unirrigating,  t.e.,  in  a  useless  condition  ;  giving  about  1  effective  tank 
per  square  mile  in  the  gross  ;  tho  area  of  Maisur  being  27  269  square 
miles,  of  which  60  per  cent,  is  under  tho  tank  system.  In  the  seven 
districts  of  Kolar,  where  there  are  moderate  conditions  of  rainfall, 
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and  no  very  large  reservoirs,  tliere  were  3611  tanks,  of  which  2950 
were  irrigating,  giving  1*07  tanks  to  a  square  mile,  and  an  approxi- 
mate average  quantity  of  wet  cultivation  of  10  acres  to  each  tank. 
In  the  comparatively  rainless  tract,  comprising  portions  of  six 
districts,  on  which  the  annual  rainfall  varies  between  10  and  20 
inches,  there  were  1009  tanks,  giving  0'31  irrigating  tanks  per 
square  mil?,  and  2*5  acres  of  wet  cultivation  as  an  average  to  each 
tank.  After  that  time  a  certain  amount  of  money  was  spent  in 
repairs.  In  18G6,  however,  the  Executive  Engineer  of  the  Bangalor 
Division  had  reported  that  fully  half  the  tanks  under  his  charge  were 
breached ;  in  Chittaldrug  285,  or  one-third  of  the  recorded  number, 
were  out  of  order  ;  in  Tomkur,  530  out  of  1124 ;  in  Shemugah,  2496 
out  of  4520  ;  and  in  the  Maisur  Division,  705  out  of  1409.  Hence,  it 
appears,  that  there  were  in  all  about  1500  larger  tanks  requiring 
repair  at  a  rate  of  £300  each,  and  3000  smaller  at  £150,  and  that  a 
total  outlay  of  £900  000  was  necessary  to  put  them  in  good  order. 

In  1872-73  as  many  as  249  tanks  were  breached.  The  Irrigation 
Department  of  Maisur  is  now  dealing  with  the  matter  gradually,  by 
bringing  the  tanks  up  to  a  certain  standard  of  repair,  and  then  handing 
them  over  to  the  superintendence  of  the  tax  collectors ;  by  these 
means  it  is  hoped  that  the  tanks  of  Maisur  will  be  economically 
brought  into  good  condition.  • 

Among  the  very  large  reservoirs  requiring  special  notice,  are  the 
Naggar  Sulikerrai,  on  the  river  of  that  name,  which  has  a  margin  of 
about  40  miles,  and  an  embankment  1000  feet  long,  84  feet  high,  and 
600  feet  breadth  of  base  ;  the  Maddak  tank  on  the  Yedavatti,  whose 
embankment  is  1220  feet  long,  and  90  feet  high,  having  a  breadth  of 
base  of  660  feet ;  and  the  Motitalao,  on  a  feeder  of  the  Lokani,  having 
an  embankment  117  feet  high,  225  feet  long,  and  a  breadth  of  base 
of  375  feet.  These  are  in  specially  favoured  situations,  between  two 
hills  guarding  the  outlets  of  large  vaUeys.  The  proposed  Mauri  Cunawai 
and  Kumbarcattai  reservoirs  have  similar  sites. 

Description  of  an  average  Maisur  Tank. — Length  of  dam  J  to  1\ 
miles ;  18  feet  high,  12  feet  top  breadth,  60  feet  base.  Front  revet- 
ment of  rough  stone,  with  a  batter  of  1  to  2,  its  facing  1*5  to  3  feet 
thick  backed  with  the  same  thickness  of  loose  rubble ;  sluices  1  to  8 
to  each  tank ;  section  of  vent  2}  feet  x  2  feet,  length  30  to  120  feet, 
form  of  section  sometimes  barrel-shaped,  sometimes  rectangular ;  they 
lead  off  from  the  lowest  point  in  the  tank.  Inlet  cistern  3  feet  high, 
6  feet  square,  outlet  cisterns  the  same ;  plug  pole  and  gibbed  stones  for 
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orifice ;  escape  weirs  1  to  4  for  each  tank,  30  to  300  feet  wide,  made  of  the 

largest  stones,  water  front  3  to  9  feet  d^p ;  dam  stones  3  feet  apart, 
4^  feet  high,  which  when  dammed  give  2  feet  more  water ;  wing  waUs 
"^  3  to  6  feet  high,  converging  and  afterwards  diverging ;  tail  paved  either 
sloping  for  a  long  distance  or  hori2ontal :  a  lower  stone  wall  is  some- 
times placed  across  the  tail  at  some  distance  off  to  intercept  some  of 
the  escape  water,  which  is  taken  off  hj  a  channel. 
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Watbrwoeks  op  Indian  Citibs. 

The  Bombay  Watervoorhs^  by  Henry  Conybeare,  M.I.C.E.,  and 

—  Walker,  C.B. 

Bombay  was  the  first  of  the  Indian  cities  to  carry  out  for  itself 
waterworks  on  a  modern  system,  and  call  in  the  aid  of  English  civil 
engineers  to  design  and  superintend  their  execution. 

In  1854,  Mr.  Henry  Conybeare  determined  that  the  Vehar  basin, 
in  the  valley  of  the  Goper,  was  adequate  to  the  collection  and  storage 
of  all  the  water  that  would  be  required  for  Bombay  for*  some  years  ; 
the  works  were  therefore  confined  to  the  formation  of  one  artificial 
lake,  and  their  execution  entrusted  to  Mr.  Walker  as  Besident 
Engineer  in  1856.  The  catchment  area  was  3948,  and  was  <»pable 
of  being  extended  by  catchwater  drains  to  550Q  acres ;  the  annual 
rainfall  124  inches,  of  which  it  was  calculated'  that  six-tenths  or 
74*4  inches  would  be  available,  would  in  these  cases  supply  6600  mil- 
lions, or  9000  million  gallons.  The  storage  capacity  allowed  was  10  800 
million  gallons  ;  deducting  from  this  the  loss  from  evaporation,  which 
at  6  inches  per  month  for  the  eight  dry  months  of  the  year,  would 
amount  to  1000  million  gallons,  the  available  supply  would  be  9800 
millions.  As  the  annual  rainfall  on  the  gathering  grounds  gp:^atly 
exceeded  the  annual  consumption  of  Bombay,  it  was  evident  that  the 
water  would  continue  to  rise  in  the  lake  from  the  commencement  to 
the  end  of  the  rains,  or  for  three  months,  leaving  only  nine  months' 
consumption  to  be  provided  for.  Hence,  the  reserve  allowed  in  the 
lake,  was  equal  to  9800  —  3700  =  6100  million  gallons,  at  an  allow- 
ance of  twenty  gallons  per  head  per  day  for  a  population  of  700  000 
during  nine  months,  and  was  thus  nearly  equal  to  two  years'  supply. 

When  filled  up  to  the  level  of  the  waste  weir,  the  maximum  depth  of 
the  Yehar  lake  is  80  feet ;  it  covers  an  area  of  1394  acres,  and  stands 
180  feet  above  the  general  level  of  Bombay.  The  three  dams  by  which 
the  water  in  the  lake  is  impounded  are  as  respectively  84,  42,  and  49 
feet  in  extreme  height,  and  835,  555,  and  936  feet  in  extreme  leng^ 
at  the  top,  and  they  altogether  contain  the  following  quantities  as 
totals :  earthwork,  406  066  cubic  yards ;  puddle,  55  059 ;  broken 
stone  under  pitching,  1983  cubic  yards ;  and  pitching,  53  617  square 
yards.  The  top  width  of  dam  No.  1,  which  carries  a  road,  is  24  feet, 
and  that  of  the  two  others  20  feet;  the  inner  slope  of  all  three 
embankments  is  3  to  1,  the  outer  2^  to  1 ;  the  embankments  were 
specified  to  be  formed  in  regular  layers  lesfi  than  6  inches  thick, 
watered,  punned,  and  consolidated.     The  puddle  wajls  are  10  feet 

1? 


[98] 

wide  at  the  top,  and  batter  1  in  8  ;  the  trenches  for  fonndations  were 
excavated  through  the  surface  rock  and  past  all  snr&oe  springs  into 
the  solid  basalt  below ;  the  slopes  and  tops  of  the  dams  irere  oorered 
with  12  inches  of  stone  pitching  over  12  inches  of  broken  stone. 

The  waste  weir  is  358  feet  long,  and  has  a  top  width  of  20  feet,  fiioed 
with  ashlar.    The  water  is  drawn  firom  the  reservoir  through  a  tower, 
provided  with  four  inlets,  at  vertical  intervals  of  16  feet,  having  a  da- 
meter  of  41  inches^  and  provided  with  conical  ping  seats  faced  with  gvn- 
metal — the  plugs  being  suspended  from  a  balconj,   and  worked  hj 
cranes  at  the  top  of  the  tower.     The  inlet  in  use  is  sormonnied  hj  a 
wrought-iron  straining  cage,  covered  with  No.  30  gaag^  copper  wiw^ 
and  fixed  to  a  conical  ring,  fitting  into  the  inlet  orifice  in  the  taunts 
manner  as  the  plugs,  and  equally  capable  of  being  raised  or  lowered  ai 
pleasure :  the  strainer  has  a  surface  of  54  square  feet.     The  strainer  is 
so  affixed  to  the  cage  as  to  admit  of  its  being  changed  in  ten  minntes 
from  a  boat,  and  a  plug  substituted  for  the  cage.    At  the  bottom  of  the 
inlet  well,  and  exactly  over  the  entrance  to  the  main,  is  another  conical 
seat,  into  which  a  similar  straining  cage,  having  a  surface  of  90  square 
feet  of  No.  40  gauge  copper- wire  gauze  is  inserted.    The  objects  of  this 
arrangement  were  to  utilize  the  whole  head  of  water,  inclading  that 
due  to  the  depth  of  the  lake,  which  would  have  been  lost  had  the  water 
been  strained  at  the  outside  foot  of  the  dam ;  and  to  avoid  the  use  of 
heavy  sluice- valves,  in  positions  in  which  it  would  be  difficult  to  get  at 
them.     Without  this,  the  utmost  head  obtainable  would  have  been  in- 
sufficient for  a  distribution  by  gravitation  alone.   No  filtration  arrange- 
ments nor  sludge-pipe  wore  considered  necessary. 

The  suppy  main  traversing  the  dam  is  41''  interior  diameter,  and  its 
metal  1 J  inches  thick :  it  is  laid  in  a  level  trench  excavated  in  the  rock 
and  filled  with  concrete :  the  portion  traversing  the  puddle  trench  is 
supported  on  ashlar  set  in  cement,  puddled  to  a  depth  of  6  inches,  and 
then  arched  over  with  four  rings  of  brick  in  cement ;  two  teakwood 
washers  being  affixed  transversely  on  the  pipes  to  prevent  any  water 
from  passing  between  the  pipes  and  the  puddle.  At  the  sluice-house, 
situated  at  the  outside  foot  of  the  dam,  the  large  main,  41  inches  in 
diameter,  bifurcates  into  two  mains,  each  32  inches,  which  continue 
for  a  distance  of  nearly  14  miles  to  Bombay.  The  supply  is  distributed 
through  the  town  by  branch  and  street  mains  in  the  usual  way :  the 
hydrants  are  self-closing,  and  of  a  design  that  admits  of  their  closing 
either  with  or  against  the  water  pressure,  the  counterweights  being 
adjusted  to  the  resistances  at  the  various  levels  of  the  town :  the  sluice- 
valves,  32"  diameter,  are  so  constructed  as  to  be  capable  of  being  closed 
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or  opened  under  the  severest  pressure,  with  a  very  trifling  exertion  of 
force ;  the  smaller  valves  are  on  Underhay's  system,  which  admits  of 
the  removal  ot  the  valve  seat  and  valve,  withoat  disturbing  the  laying 
of  any  portion  of  the  mains.  The  water  is  delivered  under  a  pressure 
of  from  165  to  180  feet.  The  actual  delivery  of  water  commenced  in 
March,  1860.  The  original  estimate  of  these  works  was  £250  000 ; 
their  cost,  including  interest,  was  £655  000.  The  resxilt  was  a  supply 
of  excellent  wftter  to  Bombay  of  8000  instead  of  9800  million 'gallons 
daily,  bringing  in  an  annual  revenue  of  £38  000.  At  present,  in  1873, 
when  the  population  has  increased  to  800000,  the  supply  per  head 
amounts  to  only  10  gallons  daily,  and  an  additional  supply  is  required. 
Various  projects,  having  this  object  in  view,  have  been  proposed  by  Mr. 
Russell  Aitken,  Captain  Hector  Tulloch,  and  Mr.  Eienzi  Walton,  C.E., 
Municipal  Engineers,  and  a  very  large  amount  of  time  has  been  spent 
in  discussing  them. 

The  Madras  Waterworks. 

Project  for  the  Water  Supply  of  Madras  and  Irrigation  near  it,  by 

W.  Fraser,  C.E.,  Executive  Engineer. 

The  original  estimate  of  the  works  was  as  follows  :— 

i.  A  dam  across  the  Cortelliar  stream £3071 

ii.  A  channel  with  head  and  other  sluices,  bridges,  and 
other  requisite  works,  for  8^  miles,  from  the  dam 
to  Cholaveram  tank  12  206 

iii.  The  enlargement  of  this  tank  by  raising  its  embank- 
ments 18  feet  15  239 

iv.  A  channel  2f  miles  from,  the  Cholaveram  to  the  Biod 
Hill  tank,  with  sluices,  bridges,  and  other 
works  ...         ...      '  ...         ...         ...         •«.        6  596 

V.  The  enlargement  of  this  tank  by  raising  its  embank- 
ments 15  feet  11  793 

vi.  A  channel  from  Bed  Hill  tank  to  the  Spur  tank  in 

Madras,  with  sluices,  bridges,  and  other  works  ...        2  803 

Sundries,  compensation,  superintendence  18  348 


£63  693 


In  consequence  of  alteration  of  design  and  increase  of  rates  the 
subsequent  revised  estimate  amounted  to  £104  264. 
The  dam  as  erected  was  469  feet  long,  and  6^  feet  high  at  crest, 
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resting  on  a  solid  foundation  4  feet  deep,  on  the  top  of  a  dcrable  fow 
of  wells  9  feet  deep,  whieli  were  carried  down  to  a  daj  strmtnln ;  the 
body  wall  was  made  of  laterite.     The  head  slnioes  consisted  of  ten 
vents  h'  x  8'  high,  having  piers  and  abatments  3  and  5  fiset  tliicky 
bnilt  on  9  feet  wells  and  3'  foundation  connected  with  the  dam  ;  the 
sill  of  sluices  is  6  feet  below  the  crest  of  the  dam ;  these  woribs  ai« 
made  of  dressed  gneiss  and  laterite.     Supply  channel  8}  milee  long, 
inclination  2^  per  mile,  bottom  breadth  30  feet,  slopes  1^  to  1,  benns 
15  feet  each,  the  ordinary  excavated  soil  to  be  used  for  embankments 
in  low  places ;  intended  supply  100  millions  of  cubic  yards  in  35  days. 

Cholaveram  lake  dam  as  existing  1  mile  long,  extended  and  raued 
18  feet  on  hills  of  laterite  and  gravel ;  escape  weir  200  feet  long  -^m^ 
to  discharge  3i  millions  of  cubic  yards,  or  a  quantity  equal  to  the  total 
capacity  of  lake  up  to  sill  in  twenty-four  hours,  with  a  depth  of  dis- 
charge on  sill  not  exceeding  12  inches;  this  quantity  is  assumed, 
because  these  tanks  have  been  filled  in  twenty-four  hours  of  w»Awg«« 
in  extreme  cases.  Supply  channel  in  laterite,  which  can  be  utilised, 
section  as  before,  fall  3  feet  per  mile. 

Red  Hill  lake  embankments  3000  yards  long,  only  slightly  extended, 
as  the  ground  rises  rapidly,  and  raised  15  feet.  In  reconstmcting 
the  embankments,  the  old  work  is  stepped  and  the  new  earth  laid  in 
thin'  layers,  sloping  inwards,  the  puddle  wall  is  carved  up  simnltane- 
ODsly,  outside  which  is  a  12-inch  layer  of  gravel  and  stones,  and 
beyond  that  18-inch  stone  pitching.  Surplus  weir  400  feet  long,  to 
dispharge  and  keep  the  surface  down  to  2i  feet  above  sill :  two  irri- 
gation sluices,  and  the  head  sluices  aid  in  this ;  these  are  similar  to 
tlio^e  for  the  Cholaveram  lake. 

Bridges — 14  road  bridges;  7  foot  and  cattle  bridges ;  12  syphon 
culverts  for  under  drainage  and  irrigation. 

Data  of  Supply, — The  Cortelliar  gives  450  millions  of  cubic  yards 
in  30  to  40  days  of  mansun ;  its  small  summer  channel  is  perennial. 
Drainage  area  770  square  miles  ;  the  above  mansun  yield  of  which  is 
only  6i  inches  over  the  surface,  or  about  one-fifth  the  downfisJl.    Two 
other  streams  also  yield  20  million  cubic  yards  per  annum,  which  is 
also  intercepted.     The  Cholaveram  lake  formerly  held  3  365  403  cubic 
yards,  but  when  raised  will  hold  36  427  473  cubic  yards.   The  Red  Hill 
lake  formerly  held  20  477  034  cubic  yards,  and  now  101  981 815  cubic 
yards  ;  the  two  together  138  409  288  cubic  yards ;  this,  after  deduct- 
ing the  amount  of  water  to  which  the  Mirasidars  have  a  right,  will  leave 
93  397  475  ciabie  yards ;  of  this  amount  60  millions  will  be  used  to 
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irrigate  8571  acres  of  rice,  at  7000  per  acre,  yielding  £6000,  at  14s. 
per  acre,  and  33  millions  for  water  supply.  Assuming  that  the 
population  of  Madras  will  increase  from  170  000  to  500  000,  and  will 
require  a  supply  of  20  gallons  per  head  daily,  their  wants  will  not 
exceed  22  million  cubic  yards  per  annum.  The  distribution  of  the 
town  supply  from  the  Spur  tank  forms  a  separate  municipal  under- 
taking ;  the  municipality  of  Madras  agreeing  to  pay  1  rupee  per  1000 
cabic  yards  of  water  taken  from  it. 

The  original  rates  of  work  per  cubic  yard  were— earthwork  of  all 
sorts,  2}  to  4  annas ;  puddling,  6  to  8  annas ;  revetment,  8  annas ; 
stone  work  complete,  3  rupees  to  3  rupees  4  annas ;  thus,  quarrying 
and  squaring,  1  rupee  8  annas ;  cartage,  2}  miles,  1  rupee ;  building, 
8  annas.     These  rates  were  afterwards  increased. 

The  capita]  outlay  up  to  the  end  of  1871-72  was  Jgl04  772,  but 
some  Airther  sums  were  spent  during  1872-73 ;  from  which  it  would 
seem  that  the  Madras  waterworks  are  now  nearly  in  perfect  working 
order ;  the  income  and  cost  of  maintenance  up  to  1872-73,  was  £222 
and  £2911  respectively  ;  and  during  1872-73,  £1516  and  £667. 

The  Calcutta  Waterworks. 

Designed  by  W.  Clark,  C.B.,  in  1865,  carried  out  with  alterations  by 
—  Smith,  C.E-    The  intended  daily  supply,  6  million  gallons. 

Chneral  Design, — The  water  is  drawn  from  the  river  Hughli  at  Pultah, 
17  miles  from  Calcutta,  through  an  iron  suction  pipe  protected  from. 
the  current  by  an  open  iron  jetty,  the  suction  boxes,  36  inches,  being 
covered  with  an  iron  sheet  perforated  with  one-inch  holes.  The  first 
engines  are  situated  at  Pultah,  close  to  the  river ;  they  are  three  in 
number,  high  pressure,  double  acting,  expansive,  condensing,  of  30 
H.  P.,  nominal  5  feet  stroke  and  30  feet  lift,  and  pump  twice  a  day 
during  low  water,  for  five  hours  each  time,  into  the  settling  tanks 
close  to  them.  The  settling  tanks  are  six  in  number,  each  being  200 
X  500  feet,  are  used  and  cleaned  in  regular  rotation :  it  takes  one 
month  to  clean  one,  the  deposit  of  mud  being  very  large,  even  as  much 
as  one  cubic  inch  to  the  cubic  foot,  or  1  part  in  728  in  bulk  when  dried. 
As  however  this  has  to  be  removed  from  the  settling  tanks  in  the  fluid 
state  of  soft  mud  about  three  or  four  times  daily,  the  above  proportion 
of  bulk  amounts  to  or  fivm,4000  to  5000  cubic  feet  of  mud  daily  from 
6  million  gallons  of  water.  For  cleansing  the  bottoms  of  the  settling 
tanks  are  arranged  in  a  series  of  corrugations  48^6^'  wide ;  on  each  of 
the  ridges  a  drain  4'  wide  by  1'  3*'  deep  is  formed,  into  which  tSaA  ^%Ki8t 
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T\m  wii(4ir  roNtN  i'ttr  \U\  hoiini  in  the  settling  tank  before  bein^  drawn 
ofl'  iiiln  Uio  flH4<r  IiikIn  rloNn  hy  ih(;m.   These  are  designed  on  the  down* 
wiinl  |iriii(*i|il(%  with  ihn  ol)j(>ct  of  Ixjing  more  easily  cleaned.     There 
aril  iii|jtht  iWU^r  ImmIh,  i*iu*1i  2(N)  x  HX)  feet,  the  materials  being  10  inches 
tii'  rniirnn  Nhiii)j^h%  4  iiichim  of  coarHo  sand,  and  28  inches  of  fine  sand, 
or   '12  iiirhi*N  ill  all ;  tho  KfKUicor'H   Magnetic  Carbide,  originaDj  in- 
l4«iiilitil,  iiol.  having  \nHm  iiHod.      Each  filter  bed  can  filter  1  million 
prfilloiiN   ill  twciiiy-four   hourH ;    iho  whole  together  do   filter  4^  and 
I'fiiilii    lillttr  i\  million  gitllonH  Htoadily,   allowing   two  beds  to  be  al- 
wayN  iinavailuhh*  (hiring  cleaning     It  UHually  takes  from  1^  to  4  days 
to  iillow  tlin  wiii^M*  lo  (ih4)r  iiHulf  l)oforo  being  drawn  off  for  use.    In 
chaining  i\w  WUah'  1m>(1n,  iho  top  quarter  of  an  inch  of  sand  is  thrown 
awiiy,  till)  nrxt  in(;h  jh  n^niovod,  washed  and  nsed  again.      The  sand 
wiiHhirig  in   toniporarily  conducted  in  four  small  cisterns,  where  the 
Hfind  \h  mixed  with  waUtr  and  stirred  up  with  a  shovel;  abont  50000 
ml  lie  fc<'t  of  sand  C4in  Ik)  cleaned  in  five  weeks  by  this  arrangement. 

The  watc«r  is  drawn  from  the  filter  beds  through  the  perforated 
brick  flooring  into  a  collecting  well,  whence  it  passes  in  a  4!2-inch  cast- 
iron  main  to  a  covered  roBcrvoir  at  Tallah,  about  twelve  miles  from 
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Paltoh,  the  conrse  being  generally  alongside  of  a  high  road.  Tlie 
available  fall  from  Poltah  to  Calcutta,  a  distance  of  17  miles,  is  about 
15  feet.  This  covered  reservoir,  intended  for  storage  in  emergency,  is 
400  X  200  X  20  feet,  of  which  16  feet  is  available  for  storage,  hold- 
ing thus  8  million  gallons.  The  bottom  consists .  of  a  series  of 
inverts  15  feet  span,  and  two  rings  thick,  turned  on  a  floor  of  6  inches 
of  concrete  covered  with  a  layer  of  asphalte.  The  outer  walls  are  2'  6" 
thick,  plastered  with  cement. 

From  this  reservoir  engines,  three  in*  number,  and  similar  to  those 
at  Pultah,  any  two  being  able  to  carry  on  the  work,  pump  during 
the  daytime  the  supply  required  for  twenty-four  hours  for  the  northern 
division  of  Calcutta  into  the  trunk-mains,  and  during  the  night-time 
that  required  for  the  southern  division  of  Calcutta  into  a  covered 
reservoir  at  Welling^n  Square  :  for  both  these  purposes  the  engines 
lift  the  water  from  the  bottom  of  the  reservoir  to  a  height  of  50  feet 
above  the  bottom. 

Distribution, — The  distribution  is  efiected  from  the  store  reservoir 
at  Tallali  in  two  divisions.  1st.  A  30-inch  inlet-main  from  the  works 
at  Tallah  to  the  canal  aqueduct,  thence  continued  up  to  the  Circular 
Boad,  1408  yards.  2nd.  A  24-inch  main  from  the  junction  of  Circular 
Road  and  Comwallis  Street  to  Wellington  Square  4864  yards  long. 
This  pipe  serves  during  the  daytime  as  a  main  to  supply  the  northern 
division  of  the  town  at  a  low  pressure  of  50  feet  head,  and  at  night  to 
fill  the  tank  at  Wellington  Square ;  whence  the  supply  of  the  southern 
division  is  carried  on  by  engines  under  high  pressure. 

The  engines  at  Wellington  Square  are  three  in  number,  and  of 
similar  principle  to  those  at  Pultah  and  Tallah,  but  are  of  75  H.  P. 
nominal ;  any  two  will  do  the  necessary  work,  the  power  being  that 
necessary  to  distribute  the  full  daily  supply  in  six  hours  from  the  level 
of  the  bottom  of  the  reservoir  to  a  height  of  100  feet  above  the 
surface,  or  a  total  lift  of  120  feet.  The  work  actually  done  by  two 
of  these  engines,  in  ordinary  practice,  is  to  raise  132  gallons  at  each 
stroke,  at  a  speed  of  20  revolutions  per  minute,  or  in  thirteen  hours 
with  three  tons  of  fuel,  to  raise  3^  million  gallons  under  a  lift  pres- 
sure of  60  feet. 

For  the  low  pressure  division  there  is  also  an  auxiliary  18-inch 
main,  1345  yards  long,  and  two  12-inch  mains,  both  together  2980 
yards  long.  For  the  high  pressure  division,  the  auxiliary  and  lateral 
trunk-mains  are — one  24-inch  main,  220  yards  long;  three  18-inch 
mains  amounting  in  length  to  38iO  yards ;  and  ten  12-inch  amounting 
in  length  to  6965  yardB ;  exclusive  of  two  trunk-mains  12-inch  and 
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&.incb  of  1620  and  1465  yards  long  Tespectxrelj.     The  wlioile  lengii 

of  the  main  pipes  in  yards  being  thns : — 

SO"         24-         18'  IS"  »*     Ydm 

Southorn  Division  ...        220    3840     8585     1465      14 

Nortliem  Division  1408    4864    1344     2980       ...        10 


Total        1408    5084    5184  11565     1465      24 

These  mains  have  also  district  servioe  mains  in  loops  or  secdoDS 
closablo  by  valves  as  follows.  In  the  low  pressare  division  they  in 
13  in  numlwr,  in  the  high  pressure  division  26,  consisting  of  the 
following  lengths  in  yards : — 


r 

6- 

4* 

S" 

TahvL 

liow  pressure     1830 

14  908 

5  414 

1912 

24 

High  pressure    2214 

50  202 

17  212 

8336 

48 

The  water-pipes  are  generally  laid  along  the  streets  on  the  side 
op{M>siie  to  tliat  of  the  gas-pipes  ;  they  are  in  9  feet  lengths,  and  of 
the  weights  usually  adopted. 

The  total  length  in  yards  of  the  mains  are  as  follows  : — 

Tnmk  maim.      Loop  nuJna.  TotaL 

Low  pressure  Division  10  596  24  064  34  660 

High  pressure  Division  14110  42  964  57074 


Totals    24  706  67  028  91734 

or  about  52  miles. 

The  inclinations  adopted  are  as  follows : — ^From  Pnltali  to  Tallah, 
1  in  5500;  sludge  culvert,  1  in  500;  river  water  culvert,  1  in  1600; 
clear  water  culvert,  1  in  1000. 

The  loop  system  being  adopted  in  all  future  extensions  or  new 
district  mains,  dead  ends  are  altogether  avoided ;  so  that  on  opening 
the  valves  connecting  these  mains  with  the  trunk-main,  a  free  circula- 
tion must  take  })lacc  throughout;  the  loops  cannot  be  connected 
together,  but  additional  pipes  can  be  inserted  into  any  of  these  loops 
to  obtain  an  extended  distribution.  The  pipes  allowed  are  fully  able 
to  distribute  12  million  gallons  daily,  or  double  the  amount  at  present 
required.  It  is  intended  to  keep  the  pipes  constantly  full  under  pres- 
sure, so  as  to  obviate  any  necessity  for  cisterns. 

Besides  the  above  supply  for  Calcutta,  the  works  will  give  eventually 
a  supply  of  120  000  gallons  daily  to  the  cantonment  of  Barrackpur, 
involving  on  elevated  tank  50  feet  high,  4660  yards  of  9- inch  main 
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pipe,  and  a  supply  of  60  000  gallons  to  the  cantonment  of  Dam-Dam, 
under  a  pressnre  of  50  feet  through  6600  jards  of  6-inch  pipe. 

The  total  cost  of  the  water  delivered  in  Calcutta,  half  at  50,  and 
half  at  100  feet  pressure,  is  estimated  at  about  30  000  gallons  for  £1. 

The  delivery  of  the  main  supply  commenced  in  1869. 

The  estimated  prime  cost  was — 

Price  and  rent  of  land  taken  for  the  works     ...  iSll  082 
Machinery  and  Works,  engines,  filters,  reser- 
voirs, pipe  to  Tallah    877  838 

Trunk  and  district  mains,  valves  and  hydrants, 
after  deducting  for  valve  of  some  received  ...  106  676 


Totel...  495  596 
Engineering  and  contingencies  15  per  cent.  •••  75  000 
Supply,  to  Barrackpur  and  Dam-Dam  •••         •«.     10  500 


£581  096 


Xbe  annual  expenses  are  estimated  at  £75  964,  inclusive  of  £57  060 
for  repayment  of  loan,  at  10  per  cent,  on  cost  of  works. 

The  Amhajhari  Beservoir,  constructed  by  A.  JBinnie^  MJ.O.E, 

The  name  of  the  projector  of  this  scheme,  which  is  an  enlargement 
of  a  native  tank,  is  not  mentioned  in  the  official  records :  it  was  chosen 
from  among  other  projects  for  the  supply  of  Nagpur,  by  Mr.  Binnie, 
in  1869,  and  laid  before  Government  in  the  two  following  forms : — 

Project  No.  1. — Water  Supply  of  Nagpur, — Population,  84000; 
catchment  area,  6'6  square  miles,  bare  and  basaltic,  having  an  annual 
rain&ll  40*73  inches,  mansun  rainfall  37*52  inches.  Proportion  run 
off  in  an  average  mansun  *43,  minimum  '268,  maximum  '6. 

The  evaporation  is  based  on  Conybeare's  measurements  at  Yehar, 
Bombay,  which  give  2*5  feet  in  eight  months  of  dry  season,  or  |  inch 
daily,  hence  allowance  is  made  for  3*5  feet  in  eight  months  as  a  maxi« 
mum  for  Nagpur.  The  rate  of  silting  determined  from  observation 
to  be  2*5  feet  in  80  or  90  years  =  *375  inches  annually.  Supply 
allowed  7  gallons  per  head  daily,  and  as  this  is  all  wanted  nearly 
at  one  time,  the  pipes  are  made  to  deliver  15  gallons  per  head 
daily.  There  is  no  filtering  arrangement,  but  strainers  of  copper- 
wire  gauze  are  used,  being  fixed  in  wooden  frames  in  the  inlet 
tower.  The  siphon  is  2*5'  in  diameter,  length  185,  rise  15,  fiJl 
of  2f  to  overcome  friction :  air  pipe  V  diameter.     The  siphon  joints 
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are  turned  and  bored,  flanges  packed  with  wood,  bolted  and  fiwieoed 
with  boop  iron,  bolts  ancf  washers.  The  mazimiun  head  is  78  feet 
or  34  lbs.  per  square  inch,  hence  the  pipes  are  tested  to  130  lbs. 
per  square  inch.     The  formula  used  for  the  diflcbarge  of  pipes  is 

Young's  Eytelwein,     v  =  50  ^  /   /  j rrZiS      T^©*®  ^^^e  acoorixig 

valves  at  low  points.  The  embankment  is  in  layers  12  inohes  thick, 
inclining  inwards  1  in  6,  retentive  clayey  material  alone  naed;  its 
surfaces  of  hard  material,  covered  with  12^'  of  roagh  hand  pitching ;  its 
slopes  are  outer  If  to  1,  inner  2  to  1 ;  its  foundation  is  stepped  and 
benched.  The  escape  weir  is  of  basalt  rubble^  its  sill  of  angle-iron 
3  X  3  x  i  welded  and  bolted  to  blocks.  The  waste  watercourse  is 
18',  broad  at  bottom  with  slopes  1  to  1.  The  main  pipe  is  carried  on 
walls  of  rubble,  or  in  a  bed  of  concrete  3  feet  thick,  stepped  into  the 
embankment ;  in  the  valve  house  it  is  laid  in  concrete.  Pipes  above 
13  inches  diameter  to  have  wide  sockets,  caulked  with  spnn  yam,  and 
lead  driven  in  with  caulking  tools ;  those  of  less  than  13  inches  turned 
and  bored,  fixed  with  Roman  cement.  All  pipes  to  be  tested  nnder 
pressure  by  hammer  7  lbs.  weight.  Angus  Smith's  process  ap|diod 
to  all  pipes  inside  and  out  after  fitting.  Distributing  pipes  to  bear  on 
solid  ground,  in  trenches  4  feet  to  2  J  feet  deep,  filled  and  rammed. 

The  puddle  wall  in  the  centre  of  the  dam  is  5  feet  wide  on  the  top, 
and  10  below,  and  SO'  high,  made  in  layers  of  8  inches. 

Project  No,  2,  combining  Irrigation  tcith  Ihwn  Supply. — Siphon  as 
in  last  project ;  irrigation  daty  of  water,  200  acres  to  1  cubic  foot  per 
second ;  acreage  1121,  for  eight  months  excluding  waste  land  s 
116  225  280  cubic  feet  in  all,  including  747  acres  for  twelve  months ; 
distribution  cfiected  by  a  largo  irrigation  pipe  with  wide  joints, 
giving  7 '93  cubic  feet  per  second  to  start  with,  and  decreasing  in 
diameter  so  as  to  give  only  2*32  cubic  feet  per  second  for  water  supply 
at  the  city  5  miles  off;  the  intermediate  points  of  discharge  for  irriga- 
tion regulating  the  discharge  and  diameter  of  the  pipe  between  them : 
this  arrangement  allows  7*93  —  2*32  =  5*01  cubic  feet  per  second  for 
1121  acres  of  irrigation,  and  prevents  an  excessive  supply  &om  being 
taken  in  the  city,  as  it  might  be  in  an  open  channel.  The  discharges 
and  hence  the  sizes  of  the  small  irrigation  outlet  pipes  are  calculated 
as  if  they  were  independent  up  to  the  reservoir ;  sluice  cocks  are  pro- 
vided at  the  branch  outlets.  A  gauging  and  regulating  apparatus, 
worked  by  a  table  of  discharges  calculated  for  every  '01  foot  of  rise 
for  submerged  orifices  and  weir,  controls  the  whole  supply. 

The  details  of  the  above  projects  were  drawn  up  in  1860,  the  former 
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being  sanctioned  in  April  1870,  and  the  contemplated  irrigation  being 
deferred.  The  estimates  amounted  to  £32  535 ;  the  reservoir  was 
opened  in  October  1872,  but  the  distribution  was  not  carried  out  bj 
that  time.  The  reservoir  has  a  top  surface  of  370  acres,  and  a 
storage  of  257'5  million  cubic  feet,  of  which  240  millions,  or  1500 
million  gallons,  are  available. 

The  cost  of  excavating  the  puddle  trench,  including  pumping,  was 
JS2368,  at  the  rate  of  Is.  per  cubic  yard ;  the  cost  of  puddle,  £6659, 
at  4s.  per  cubic  yard  ;  the  cost  of  embankment,  in  1  foot  layers 
rammed  and  watered,  was  £4277,  at  5 id.  per  cubic  yard;  the 
rates  for  pitching  were  from  5s.  to  10s.,  and  for  turfing,  2s.  per 
100  superficial  feet ;  the  total  cost  of  the  outlet,  including  straining- 
tower,  foot-bridge,  well  and  valve  house,  was  JS2893,  and  that  of  the 
escape  weir,  £821 ;  the  rates  for  ashlar,  basalt,  rubble,  and  concrete 
being  from  27s  to  546.,  from  10s.  to  16s.,  and  8s.  per  cubic  yard. 

The  distribution  source  is  a  public  one,  the  water  standards  being 
placed  100  yards  apart  along  the  streets.  The  main  pipe  was  4  miles 
long  and  I'l  feet  in  diameter,  and  the  distribution  pipes  10  600  yards 
long  and  1  foot  in  diameter ;  the  pipes  were  delivered  in  Bombay  at 
£7  5s.  per  ton,  and  in  Nagpnr,  at  £11  14s.  The  works  were  completed 
within  the  estimate,  and  a  supply  of  15  gallons  daily  per  head  can  be 
maintained  in  years  of  extreme  drought. 

The  Akola  Project  far  Irrigation  and  Water  Supply^  hy  L.  T^A,  Jackiony 
A.LC.U,f  Executive  Engineer  for  Irrigation  in  Berar. 

The  proposed  works  consist  of — 

I.  A  reservoir  formed  on  the  Moma  river  by  a  masonry  dam  and 
earthen  embankments  east  and  west  of  it. 
11.  An  irrigation  channel  5  miles  to  the  first  watershed,  and  3  more 
to  the  third  watershed  to  the  east  of  the  river,  and  irrigation 
channels  15  miles  to  the  west  of  the  river. 
III.  Filter  beds,  drinking  and  bathing  basins,  with  a  fountain  at  the 
town  gate  of  Akola,  with  pipes  to  it  11^  miles  in  length. 

1.  Masonry  dam  625  feet  long,  extreme  height  36  feet;  area  of 
section  of  superstructure  down  to  30  feet  '3H^,  and  of  foundation 
below  that  21h  ;  strengthened  by  buttresses  50  feet  apart  from  centre 
to  centre  ;  the  wing  walls  rise  to  8  feet  above  the  sill  level  and  revet 
the  embankments,  which  are  8  feet  wide  at  top,  slopes  2  to  1  and  3  to  1, 
and  have  a  section  10*5  H  ;  length  of  eastern  wing  2751,  western 
0057  feet 
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Beserroir,  extreme  length  and  brndthaboai  2^  mileB,  aveA  of  mte- 
spread  2500  acres :  of  which  1<J00  are  under  cnltiTation,  and  on  wlddk 
there  are  onlj  a  few  small  hnta. 

Contents  available  for  perennial  irrigation,  cabic  fiaet  411  055  831 
Available  for  town  snpply  „  ...     58427360 

Waste  or  standing  water  „  •••        8  843 139 


Total  contents      „  ...  478  326330 

Beside  this,  there  wiU  be  available  for  manimn  iirigation  in  mvr^ 
of  extreme    drought  at  least  five  times   the   above    total  froon  the 

perennial  flow  of  the  river. 

2.  Channel. — Section  45  square  feet,  slope  1  in  3000,  diacliaige  1<J0 
cubic  feet  per  second  below  original  ground  level  in  section*  In  east- 
ern channel  8  super  passages  in  each,  having  section  of  60  square  feet 
and  discharging  1 50  cubic  feet  per  second ;  8  road  crossings  ;  2  nndff 
passages  through  embankments,  being  2  feet  pipes  enclosed  in  masoniy 
culverts.  In  western  channel  9  super  passages,  12  road  crossings,  aod 
2  under  passsgcs.  The  smaU  trenches  of  distribution  to  be  wift*|f>  hj 
the  landowners,  aided,  if  necessary,  by  loan. 

3.  Town  Muppljf, — Pipes  4  inches  in  diameter,  having*  a  tall  of  1  in 
500,  and  discharging  '25  cubic  feet  per  second.  Beds  and  basins  exca- 
vated in  rock,  with  walling  above  ground.  Filter  bed  and  bathing 
basin  each  50  feet  square  and  10  feet  deep.  Drinking  basin  octagonal 
having  the  length  of  each  side  40  feet,  and  having  a  jet  In  the  centre, 
the  water  for  which  will  be  purified  by  a  filter  on  the  ascending  prin- 
ciple passing  through  perforated  walling  and  tiles,  then  large  and 
small  pebbles,  sand,  and  magnetic  carbide. 

Data. — Catchment  area  220  square  miles,  minimum  downpour  12 
inches  of  which  G  inches  run  off,  give  3006  million  cubic  feet  in  a  year 
of  drought,  and  fill  the  reservoir  six  times.  The  extreme  flood  dis- 
charge over  the  weir  sill,  using  a  local  coefficient  of  12  for  the  formula 
Q  =  12  X  100  (N)J,  =  67  200  cubic  feet  per  second;  and  assuming 
a  flood  velocity  of  13  feet  per  second,  this  gives  a  flood  section  of 
5170  square  feet.  The  waterway  allowed  is  8  x  125  =  5O0O  square 
feet ;  the  measured  flood  sections  are  in  support  of  this. 

Land  under  water  command  on  the  east  bank  45  square  miles,  west 
30  square  miles;  total  75,  all  fertile  ;  the  perennial  supply  for  irrigation 
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during  the  eight  dry  months  is  410  million  cnbic  feet,  or  19*5  cubic  feet 
per  second,  which  at  a  duty  of  200  acres  will  irrigate  8900  acres. 
The  mansun  irrigation  supply  for  four  wet  months  exceeds  any 
demand  that  is  likely  to  occur ;  the  probable  maximum  acreage  for 
this  will  be  about  half  the  irrigable  area,  or  20  square  miles  on  one 
bank  and  15  on  the  other,  being  in  all  85  square  miles  or  22400 
acres ;  the  chaQnel  of  supply  is  designed  to  carry  sufficient  to  irrigate 
the  total  area  of  75  square  miles. 

Cost  of  Works  and  extension  on  the  west  bank £31  301 

Compensation  and  Road  diversion  1000 

Establishment  and  contingencies  20  per  cent 6  869 

£39 170 
Probable  return,  when  the  works  are  ftdly  developed  :— 

Perennial,  ».«.,  8  months,  3900  acres  at  14s  ...       £2  730 

Mansun,  t.^.,^  4  months,  22400  acres  lit  4s.  ...         4480 


7  210 
Collection,  repairs,  establishment,  8  per  cent.       •••  577 

Result,  a  net  return  on  capital  £40  000  of  16^  per  cent.      £6  633 
Or,  deducting  capital  spent  in  town  supply,  a  result  of  19  per  cent, 
on  the  outlay  on  the  capital  spent  in  irrigation,  independently  of  the 
water  rate  charged  to  the  town. 

The  classification  of  water  rates  for  various  crops  is  that  adopted  on 
the  Bari  Doab  Canal,  but  the  rates  themselves  are  doubled,  as  the  cost 
of  labour  in  Berar  is  double  that  in  the  Bari  Doab.  Hence  the  rates 
assumed  for  Berar  are, — 1st  class,  Sugar-cane,  £1  4s. ;  2nd,  Bice  and 
garden  produce,  19s. ;  3rd,  All  ordinary  field  crops,  not  elsewhere 
mentioned,  10s. ;  4th,  All  millets,  pulses,  and  grass  crops,  6s. ;  5th, 
A  single  watering,  3s.  These  may  be  expected  to  yield  mean  rates  of 
14s.  and  4s.  at  the  least,  as  it  is  most  probable  that  sugar-cane  will  be 
extensively  grown  ;  all  the  sugar  in  Berar  being  now  imported. 
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Irrigated  Crops,  Waterutob,  and  Water  Rates. 

The  Watering  of  Oropg  in  Spain. 

Tho  following  data  of  Mr.  George  Higgin,  G J!.,  in  1873,  indi- 
cate the  amount  of  water  required  for  crops  in  the  irri^^ted  dis- 
tricts, where  the  annual  rainfall  excepting  of  Granada,  is  from  11  to 
22  inches  only. 


Actual  water  datj  on  old  works. 

In  Valencia,  from  the  Jucar,  rice 
In  Valencia,  from  the  Turia,  old 

In  Gandia,  typo  of  old      

In  Murcia  and  Orihuela,  old     ... 

In  Granaila,  old 

Ksla  and  HenarcR,  now     

Lowest  duty  in  S{vain  generally,  new 


Per  sec 

Per  see. 

Per  e.  ft. 

perheei. 

peraere. 

per  see. 

LLtrei. 

C.  feet. 

Acres. 

200 

•0282 

35 

•86 

•0121 

83 

•80 

•0113 

88 

•74 

•0104 

96 

•29 

•0041 

244 

•45 

•0064 

157 

Bw          '50 

•0071 

140 

The  practice  of  watering  usual  in  Valencia  is,  for  lucerne^  o^e 
watering  in  8  or  10  days  ;  for  maize,  beans  and  hemp,  one  in  15  days ; 
for  potatoes,  one  in  21  days ;  for  cereals,  one  in  30  days  ;  the  aTerage 
amount  given  at  one  watering  in  ordinary  soil  is  500  cubic  metres  per 
hectare  (7060  cubic  feet  per  acre),  and  the  fullest  ever  given  is  700 
(988.1.). 

Tlio  following  data  of  Mr.  Roberts,  C.E.,  in  1867,  are  strongly  in 
support  of  tho  above. 


AverAge  sctaal  water  duty  in     Per  sec. 
▼luriouB  provinces.  per  hect 

Litres. 
In  Valencia 
In  Rioja  (low  clayey) 
In  Murcia,  Alicante, 
Aragon,  and  Cataluna 
Cereals  <fc  grass  generally 
Huertas  or  gardens 
All  other  lands 


} 


•25 
•20 

1-00 

•25 
•75 

•50 
100 


Water  duty  aothoriied  for 
TariouB  canals. 

Do  las  Cinco  Villas     . . , 
De  Tamarite   ... 
DelHenares    ... 

Del  Esla  

Del  Tajo  

Del  Ebro         

De  Isabella  Segunda ... 


Per  sec 
per  hect. 

Litres. 

•26 

•31 

•40 

•61 

•95 
1-00 

•75 


In  extremely  dry  seasons 

The  practice  of  watering  is — rfor  cereals,  <Src.,  4  to  6  waterings  yearly ; 
for  meadows  8,  and  for  gardens  20 ;  each  watering  being  in  practice 
2  inches  deep,  which  =  550  cubic  metres  per  hectare,  and  never  ex- 
ceeding 2|  inches,  or  7  centimeti^s,  which  =  700  cubic  metres  per 
hectare.  The  average  number  of  waterings  in  a  year  given  to  land 
in  Valencia  is  12. 
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The  Watering  of  Oropa  in  France. 


From  data  given  with  reference  to  the  Marseilles  canal,  in  a  paper 
read  bj  Mr.  George  Bennie  before  the  Institution  of  Civil  Engineers 
in  1855,  it  seems  that  in  Danphind,  only  one  watering  per  week,  of  a 
depth  of  3  centimetres  (1*18  inches),  is  given  on  heavy  lands  ;  bat  on 
light  soil,  and  with  the  object  of  making  np  for  losses  by  filtration,  the 
depth  allowed  ia  10  centimetres  (3*94  inches)  ;  in  lower  Langnedoo 
and  Broosillon,  the  same  practice  of  irrigating  once  a  week,  but  with 
a  depth  of  5  centimetres  on  heavy,  and  10  on  light  land ;  in  the 
Camtale  of  Provence  the  same  as  in  Bonsillon  for  field  crops,  but  a 
greater  quantity  for  garden  crops.  There  are,  however,  localities  in 
Languedoc  and  Provence,  where  this  system  is  practised  only  during 
one  or  two  months,  or  for  two  or  three  times  in  the  year. 

The  irrigation  furnished  by  the  canal  of  St.  Julian,  on  the  Durance, 
to  360  hectares  (889  acres),  at  Cavaillon,  Yaucluse,  was  538  272  cubic 
metres  a  week,  giving  a  calculated  depth  of  watering  each  week  of 
15  centimetres  over  that  area ;  and  this  is  in  support  of  an  average 
depth  of  supply  actually  utilized  of  10  centimetres  once  a  week. 

From  data  given  by  De  Gossigny  in  the  "Notions  Elementaires  sur 
les  Irrigations,  1874,"  the  watering  season,  in  the  south  of  France, 
is  from  the  1st  of  April  to  the  1st  of  October ;  on  ordinary  land  in 
Provence  the  depth  of  watering  usually  given  is  8  to  10  centimetres, 
and  this  is  supplied  once  in  ten  to  twelve  days  during  the  six  months ; 
this  amounts  to  a  total  quantity  of  15  552  cubic  metres  =  1  litre  per 
second  per  hectare,  as  a  continuous  supply:  garden  crops  require 
watering  once  in  five  days,  and  require  a  supply  of  2  to  3  litres  per 
second.  The  extreme  limits  are  \  litre  as  a  minimum,  according  to 
M.  Pareto,  and  4  litres  as  a  maximum,  according  to  M.  Mangon.  For 
various  soils  the  same  amount  of  water  is  given  at  each  watering,  but 
the  waterings  are  more  or  less  frequent,  varying  firom  once  in  five 
days  for  soil  four-fifths  sand,  to  once  in  fifleen  days  for  soil  one-fiflh 
sand.  Summer  meadows  require  a  depth  of  from  5  to  10  centimetres 
at  each  watering,  or  a  continuous  supply  of  from  ^  to  4  litres  per 
second  per  hectare,  or  an  average  of  from  1  to  2  litres  per  second ; 
although  they  can,  according  to  M.  Mangon,  utilize  and  profit  from  as 
much  as  from  34  to  50  litres  per  second.  For  winter  meadows  the 
Tninimnm  supply  advisable,  according  to  M.  Zeller,  is  a  depth  of  13 
centimetres  at  each  watering,  or  a  volume  of  1300  cubic  metres  in 
twenty-four  hours,  which  is  15  litres  per  second  per  hectare;  the 
maximum  which  they  can  utilise  is   1700  .  Iiia*e6  per  second   per 
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hectare,  in  the  case  of  the  Prairie  Habeaarapt ;  and  an  average 
allowance  is  from  30  to  50  litres  per  second  per  hectaiv.  Rice  cro[H 
are  considered  to  require  a  permanent  depth  of  from  15  to  2*) 
centimetres  on  them,  in  some  cases  as  much  40  centimetres,  and 
a  continuous  supply  of  1^  to  2  litres  per  second  as  a  minimum: 
permanent  stagnation  of  the  water  is  considered  very  nnhealthr. 
Most  crops  in  the  South  of  France,  more  especially  fodder  and  root 
crops,  require  or  greatly  profit  from  irrigation.  Oleaginous  plants 
and  arborescent  cultivation  do  not  require  it.  Vines  are  flooded 
to  a  standing  depth  of  10  centimetres,  and  kept  ihns  for  a  month  in 
winter;  this  destroys  the  phylloxera  and  renders  the  ^ines  mora 
fruitful  in  the  following  summer. 

The  Watering  of  CropM  in  Italy, 

According  to  old  data,  the  usual  water  duty  in  Piedmont  and  Lom- 
iNinly  was  from  GO  to  80  acres  to  1  cub.  f.  p.  sec.,  in  some  cases  from 
90  to  100,  and  rarely  110.  From  data  collected  by  the  author  in  Italy, 
in  1872,  the  duty  under  ordinary  circumstances  is  oonsidei^d  to  range 
between  80  and  110  on  the  most  modern  works.  The  occasion  of  the 
execution  of  the  Lngo-Maggioro  project  by  Signori  Villoresi  and  Meta- 
viglia,  led  to  a  ro-exiiminution  of  the  subject ;  and  data  were  fVimished 
by  Signer  Cantoni,  Director  of  the  School  of  Agriculture  at  Milan  and 
by  a  special  committee  of  engineers.  The  principle  adopted  is  that 
of  the  French,  namtdy,  that  the  amount  of  each  watering  to  all  land 
should  be  identical,  and  that  the  number  of  waterings  alone  should 
vary  with  the  soil  and  the  crop. 

The  following  are  moans  of  results  determined  by  De  Regis,  Cantoni, 
and  the  committee.     The  amount  necessary  for  meadow  land  at  each 
watering  is  15  045  cubic  feet,  of  which  OIGO  is  utilized,  and  5885  is 
absorbed  ;  the  number  of  waterings  given  varies  from  one  in  T  to  one 
in  10  days,  thus  giving  a  duty  of  from  40  to  57  acres  per  cub.  f.  p.  sec. ; 
snudy  lands  requiring  '02o  cub.  f.  p.  sec.  per  acre,  and  clayey  lands  -017. 
The  amount  necessary  for  arable  land  at  each  watering  is  18  173  cubic 
fct't,  of  which  90i>7  is  utilized,  and  847G  is  expended  :    the  number  of 
waterings  given  varies  from  one  in  14  to  one  in  20  days,  thus  giving 
a  duty  of  from  C>(y  to  100  acres  per  cub.  f.  p.  sec;  sandy  lands  requiring 
*015,  and  clayey  lands  '010  cub.  f.  p.  sec.  per  acre.    The  average  of  the 
irrigable  land  under  the  Lago-Maggiore  project,  amounting  to  193  690 
acres,  requires  a  supi)ly  of  '012  cub.  f.  p.  sec.  per  acre  throughout  the 
year,  or  a  duty  of  90  acres  ;  the  maximum  duty  for  clayey  arable  land 
being  fixed  at  110  acres. 
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The  Irrigated  Crop9  of  the  Panjab  and  the  value  of  an  acre  of 

produce  in  1872. 


The  Western  Jamna  Canal,  1872. 

1 

Prodaee 

per 

acre. 

Market 

Talae  in 

1872. 

Sugar-cane — Sacchamm  officmamm       Annual 

lbs. 
2000 

£    t. 
7  14 

Ghtrden  produce  ...         •••         •••         •••       9, 

Rice — Oryza  sativa         ...          

g  \  Cotton — Gossjpium  herbaceum            

••• 
1920 
720 

8     0 

3    6 
3  12 

g  /Herop — Crotalaria  juncea          

^Indigo — Indigofera  tinctoria     v 

g^  )  Safflower — Carthamufl  tinctorius          

200 

20 

120 

1     5 
1    3 
3    0 

^  (  Turmeric — Curcuma  longa 

•.• 

••• 

'Til  Sesamum — Orientale           ...         

160 

0  16 

g8 

X  ona         ••■           •••           •••           ••■           •*.           •■• 

640 

1  10 

8 

Mustard — Saru  Sinapis  campostris       

Linseed— r-Linum  usitatissimum            

400 
120 

1    0 
0  12 

• 

QQ 

Watemuts — Teopa  bispinosa 

^Tobacco— Nicotiana  tabacum 

6100 
2800 

8    0 
0  18 

Poppy — Papaver  somniferum 

Dhania— Coriander         

240 
6600 

3    0 
2    6 

1' 

xxaiaun     ■••         ....      •*•         •••         •••         ««« 

5600 

2    6 

s> 

cs 

u 

Ajwen — Ptychotifl 
Methi — TrigoneUa  foenugroecum 
^owar — Holcus  orghum            

400 

400 
1680 

2    0 
2    0 
2  14 

• 

Kangni — ItaliaB  millet 

Bajra — Penicellaria  spicata       

Chena — Panicu  m  miliaceu m 

1600 
1520 
1520 

2  12 

2  10 
2    8 

Cerei 

Maize — Zeamajs           

VV  heat — Triticum  y  ulgare         

Barley — Hordeum  contcsto        

Oats— Avena  sativa        

leoo 

1520 
1120 
1200 

2  10 

3  4 

1  10 

2  8 

r 

'Gram — Gicer  arietinum             

Masur — Ervum  lens       

Urad — Delichos  pilosns             

Mung— Pbaseolus  mungo         

^Moth — Phaseolus  aconitifolius 

1440 
400 
1440 
1440 
1440 

2    5 

0  12 
2  16 

1  16 
1  16 

0 

Lucerne — Sinji  Medicago  sativa 

1  Gounti'y  grass     •••         •..         

Gharri — Uolous  sorghum           

3200 
4800 
3200 

2    0 
0  16 
0    & 
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Experiments  in  Watering  Crops  of  Wheat  and  Riee  on  the 
Doah  Condi,  by  E.  C.  Palmer,  C.E,  in  1871. 

Tlie  average  of  the  experimentA  made  and  tabulated  shomr  that  a 
average  depth  of  0*24  feet  on  the  whole  sarfaoe,  represents  a  thoron^ 
watering  of  the  average  soil  of  the  district  under  consideration,  ax 
for  Bandy  soils  0*31  feet,  and  the  amoont  of  water  neoessary  for  » 
average  watering  of  one  acre,  is  0'24  x  43  560  =  10  454  cnbie  feet 

Wheat  in  a  dry  season  requires  five  watering^ ;  tlie  first,  for  pr 
paring  the  land  for  ploughing,  at  10  500  cubic  feet,  and  fonr  for  tl 
standing  crop  of  8000  cubic  feet,  give  42  500  cubic  feet  in  all  neoe 
sary  for  each  acre  of  wheat. 

Rice  requires  ten  floodings;  the  amount  of  water  necessary  f< 
each  flooding  is  the  amount  necessary  to  saturate  tbe  soil,  tl 
average  of  which,  given  above,  is  0*24  feet,  together  with  O^S 
feet  of  standing  water:  or  in  all,  0'75  feet  in  depth  over  an  aci 
represents  the  quantity  of  a  flooding,  or  0*75  x  43  560  s=  32  6? 
cubic  feet ;  and  the  quantity  necessary  for  a  crop  of  rice  is,  theiefor 
326  700  cubic  feet. 

The  land  under  consideration  principally  consisted  of  holdings  c 
an  average  of  52  acres,  requiring  22  acres  of  Kharif,  and  80  of  Rabl 
irrigation ;  for  such  a  farm  an  irrigating  outlet  or  pipe  0*4  feet  i 
diameter,  working  under  a  head  of  0*4  feet,  was  found  snfficient ;  tl 
discharge  being  0'3323  cubic  feet  per  second,  and  allowing  the  farm< 
eight  days  to  prepare  his  22  acres  of  Kharif  ploughing,  and  elevc 
days  for  the  30  acres  of  Rabbi  ploughing.  As  the  best  season  for  th 
purpose  lasts  about  six  weeks,  and  the  outlets  are  allowed  to  flow  f( 
eight  days  in  the  month  at  the  utmost,  this  arrangement  allom 
twelve  days  of  constant  flow  during  that  season ;  and  thns  a  sing 
pipp,  irrigating  only  27  acres  per  day  of  twenty-four  hours  for  ploug 
ing,  or  5*4  acres  of  standing  crops,  is  sufficient  for  all  the  purpose 
required  in  keeping  up  the  irrigation  of  a  holding  of  52  acres. 

These  data  are  apparently  in  support  of  the  amount  mentioned  i 
official  returns  as  the  average  supply  pqr  acre  given  on  the  Bari  Don 
Canal,  44000  cu])ic  feet;  the  latter  probably  including  also  sing 
waterings  over  a  certain  amount  of  acreage. 
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l^he  Canal  Plantations  of  the  Panjab. 
Western  Jamna  CanaL 


Kikar  or  Babal-— Acacia  arabioa 
Shisbani — Dalbergia  sissa     ... 
Shahtat  Mulberry — Moms  alba 

Tan — Cedrela  tuna 

Jaman — Sizjginm  jambolanam 
Bakain — Melia.  azedarach 
Siros — Acacia  speciosa 
Gular — Ficus  cnnia    ... 
Jand — Acacia  leacophloaa 
Nim — Azadarachta  Indica  .... 
Bans — Bambusa  stricta 
Amb — Mangifera  Indica 
Sbahtut  China — Moras  tatarica 
Pipal — Ficus  religiusa 
Miscellaneous  of  80  descriptions 


Bari  Doab  Canal. 


Sbisham — Dalbergia  sissa 
Kikar — Acacia  arabica 
Pbulai  •••         ••• 

Mulberry 

Siris — Acacia  speciosa 
Tun— Cedrela  tuna     ... 
Plum    ...         ...         ... 

Jand — Prosopifl  spicigera 
Phagara — Ficus  caricoides 
Mudasu  •••         ••• 

Jamun — Prunus  padus 
Bakain— Melia  sempervirens 
Aliar— Dodonnoea  burmaniana 
Beli — Z  izyphns  flexnosa 
Sembal  — Bombaz  heptaphyllum 
Miscellaneoofi  trees  of  83  descriptions 


•*• 


••« 


••• 


••« 


•  •• 


••• 


••• 


••• 


••• 


••• 


Nmiiber  in  1872. 
...       394  718 

. .  1 

119  611 

.  •« 

72  62(5 

•• 

33  789 

17  214 

16  764 

16  870 

11  755 

7  205 

. .  < 

7152 

.  • 

4  911 

• .( 

3  774, 

••< 

2130 

.  .  a 

2004 

.  .  1 

•  .. 

rti 

i      809  797 

a  . 

unber  in  1872. 
.        451 566 

a  .) 

173  124 

aaa 

71  710 

.  • 

54  458 

.  • 

47  292 

•  • 

31 853 

•  . 

16  735 

•  • 

11 551 

•  .< 

9  760 

a  •< 

6178 

•  .1 

4  887 

.  .  t 

5  966 

..« 

4850 

•  a« 

4  689 

.  .  1 

8  013 

.  •  < 

••• 

Total  of  all  sorU      955  567 
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On  grooiid  froni 
3.  Lagha  rice      •••  May  to  Not. 


The  Craps  of  Oriita  and  their  Waterings, 
The  Late  Crops,  watered  between  Jane  1  and  December  1  :— > 

On  ground  from 

1.  Sarad  rice       ...  April  to  Feb. 

2.  Bijali  rice       ...  May  to  Oct. 

The  both  Season  Crops,  requiring  perennial  watering  : — 

On'groondfrom 

1.  Sngar-cane      ...  April  to  Mar. 

2.  Turmeric  and| 
gibger  ) 

The  Early  Crops  watered  between  December  1  and  June  1 : — 


June  to  Mar. 


On  ground  &om 

3.  Yams       May  to  Feb. 

4.  Brinjal     June  to  Jan. 

5.  Pan  and  plantain  Whole  year. 


On  ground  from 

1.  Dalua  rice     ...  Feb.  to  May. 

*2.  Wheat    Nov.  to  Mar. 

*3.  Barley    *..     ... 
•4.  Gram  and  peas 

5.  Achua  cotton      Nov.  to  July. 


] 


On  groond&om 
Nov.  to  Apr. 
Oct  to  Feb. 


*6.  Tobacco... 
*6.  Coriander 
*8.  Onions    and 

garlic 
9.  Achua  castor  oil  Nov.  to  Feb. 


Nov.  to  Jan. 


The  Dry  Crops  not  requiring  irrigation  are  :— 


Late  Grope, 

1.  Mandia. 

2.  Biri  pulse. 

3.  Black  kalthi. 

4.  Block  mug. 

5.  Jute  and  hemp. 

6.  Haldiya  cotton. 

7.  Haldiya  castor  oil. 


Early  Grope. 

1.  White  kulthi. 

2.  White  mug. 

3.  Harar  chaitra. 

4.  Mustard. 

5.  Linseed. 

Both  Season  Grope. 
1.  Harar  nali. 
•2.  Til. 


Pulses  generally. 
JV.JB. — The  crops  marked  ♦  are  rarely  cultivated. 

The  usual  rotation  of  the  dry  crops  is,  Ist  year,  Biyali  rice  (which, 
like  Lagbu  rice,  can  be  grown  without  irrigation),  followed  by  pulses 
kulthi,  mug,  linseed,  or  mustard  ;  2nd  year,  cotton,  turmeric,  ginger,  or 
sugar  ;  3rd  year,  fallow. 

The  country  cotton  is  an  annual ;  of  oil  seeds,  castor-oil  is  the  only 
one  that  profits  from  irrigation ;  pulses  and  linseed  suffer  from  rain ; 
ginger  and  turmeric  require  only  one  or  two  waterings ;  sugar-cane  is 
sometimes  planted  as  early  as  February  and  cut  in  November.  There 
is  a  coarse  species  of  rice  grown  in  swampy  tracts  called  boro  dhan. 
The  yield  of  Sarud  rice,  the  staple  crop,  is  said  to  .be  doubled  by 
irrigation,  and  amounts  to  10  cwt.  per  acre. 
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Quantify  of  Water  required  for  the  Irrigation  of  Bice  in  Oriesa,  from 

the  Experiments  qf  Mr,  James  Kimber,  C,E. 

The  Balagurri^  Plot  of  54!*3  acres  was  irrigated  by  means  of  a 
shoot  1  foot  square,  and  a  field  channel  700  feet  long  therefrom.  The 
experiments  were  made  in  the  year  1872,  which  had  a  total  rainfall 
during  the  irrigating  season  of  53  inches.  From  the  7th  to  14th 
July,  1872,  the  water  ran  with  -5  foot  depth  in  channel,  and  a  head 
of  1  foot,  the  discharge  for  those  seven  days  being  965  584  cubic  feet 
or  1'58  cubic  feet  per  second ;  gauge  readings  being  made  four  times 
a  day  on  each  side  of  the  field  sluices.  The  readings  reduced  and 
entered,  were  averaged  to  give  a  mean  daily  head ;  from  this,  the 
amount  of  opening,  and  the  number  of  hours  open,  the  daily  dis- 
charge was  calculated.     The  total  results  were  thus : — 

Total  amount  of  water  given      2  885  006         cub.  ft. 

Area  irrigated        ...         ...         ...         ...         2  368  028  sq.ft. 

Amount  of  water  represented  vertically  1*213  feet. 

Number  of  hours  irrigating         ...         •••  ...     674  hours. 

Duty  during  actual  irrigation  of  1  cub.  ft.  per  sec.     46  acres. 

Or  actual  duty  on  the  area  of  1*19  cub.  ft.  per  sec.     54*3        acres. 

A  similar  experiment  was  made  on  the  Srimuntapor  Plot,  but  in 
this  instance  nearly  double  the  water  actually  needed  was  used  in 
order  to  obtain  as  much  silt  as  possible ;  this  then  gave  a  duty  during 
actual  irrigation  of  1  cubic  foot  per  second  to  38  acres  over  forty-eight 
days. 

In  the  former  case,  however,  the  irrigating  period  was  674  hours,  or 

twenty-eight  days.     Now  the  works  generaUy  are  designed  to  give  the 

same  quantity  of  water  but  spread  over  120  days,  hence  each  cubic  foot 

of  water  from  the  canal  might  be  made  to  do  '^§  ^  4  times  the  duty 

shown  in  the  present  experiment ;  and  taken  this  way,  the  duty  capable 

of  being  efiected  would  be  4  X  46  =  184  acres  per  cubic  foot  per  second  ; 

or,  taking  an  average  of  the  two  sets  of  experiments,  of  which  the  latter 

seems  of  little  value,  in  combination  with  the  former,  of  152  acres  per 

cubic  foot  per  second.    But  an  average  of  this  sort  cannot  so  well  be 

determined  from  an  isolated  plot,  as  it  could  be  from  utilisation  of  the 

whole  of  the  discharge  of  a  completed  distributary.     The  most  useful 

result  in  this  case  was  the  absolute  amount  of  water  per  acre  taken 

from  the  channels,  which  was  «-88«oo_«  =  53  406  cubic  feet  in  the  first 

0  4 

case,  and  very  nearly  double  that  in  the  second. 
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The  Unirrigated  Crops  of  Barar, 


Usual   date 
of  sowing. 


•  •• 
•••      • •• 

• ••      • •• 

• • •      «•• 


••• 


•  •  • 


•  •• 


•  •• 


•  •• 


••• 


•  •  • 


The  Jarayat  Kbarif,  or  early  dry 
crops, 

t  Cotton,  Gossypium  her- 

b&ceum    ••• 

t  Jowari,  Holcns  sorghum 
t  Bajri,  Holcns  spicatus 

Til,  Sesamnm  orientale 
t  Rice,  Oriza  sativa 

Ambari,  Hemp    ... 

Barn,  Flax  ... 
t  Bhadti ... 

Mnth    ... 

Holag  ... 

♦  Udidh  ... 

*  Mng,  Phaseolns  mnngo 
^  J. nr       •••     •*.     ...     •*• 
t  Ginger,  Zingiber  offici- 

naJO  .••     ...     •*.     ••• 
Red  pepper.    Capsicum 
annnum. 


The  Jarayat  Rabbi,  or  late  dry 
crops. 

t  Wheat,    Triticum    vul- 
iFare ...     ...     •••      ••• 

t  Tobacco,  Nicotiana  ta- 
bacum 

Kardi    ... 

Lakh 

Gram,Cicerarietinnm 

V  u  vv  as       ..•     ...     ••. 

Masnr,  Ervum  lens 
t  Vntanu 

Gadmol 


•.•     ...     •*. 
...     ...     ••• 

...  ...  ... 


...  .••  ... 

...  ...  ...1 


IJnly 
10  July 

1  Aug. 
29  Aug. 
Ditferent 
10  July 
10  July 
10  July 
10  July 

lo'july 
10  July 


Jnly 


I 


Days. 


5 

7 
4 
7 
5 
3 
2 
6 
6 
5 
7 

6 

12 


22  Sept. 

Sept. 
25  Sept. 


9  Oct. 


8 
5 


Days. 


120 
120 
90 
90 
60 
90 
60 
60 
90 
90 
90 
105 
90 

700 


105 

90 
90 


105 


I 


g 

& 


Days. 


150 
160 
105 
105 
105 
120 
90 
75 
105 
120 
105 
120 
120 

1000 


Prodiiee  per 
exelading 
fte. 


135 

160 
185 


135 


ATenge.   Max- 
Ifaa.        Iba. 

100  317 
300  630 
300  450 
200  660 
200  600 

SObnodUa. 
100  bandies. 
120 

80 

80 
240 
300 
180 

1100 


200     330 


200 
-120 

ri6o 

160 
80 
80 

160 
.  80 


480 


Rough  data  of  increase  of  yield  to  the  above  crops  by  irrigatiom. 

Rice,  four  times  more- 
Wheat,  7  . 
Q         '  >  one  quarter  more. 


Jowari,  one  half  more. 
Bajri,  one  quarter  more. 
Til,  one  half  more. 


*  Sapplementary  crops,  sown  among  others, 
f  Crops  that  may  be  assbted  by  irrigation. 
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Tki  Irrigated  Crops  of  Barar. 


Baghayat  or  Wet  Cropi  grown  on 
land  perpetually  irrigated  or 
kept  damp  by  rain. 


Usaal  date 
of  Bowing. 


•••      ••• 


Maize,  Zea  mays 

Pepper,  Capsicam  perenninm 

Bengan  or  Brinjal 

Bhoimug       

Ganja,  Cannabis  sativa 


••• 


)••     ••• 


,  a  ••• 


•  •• 


•  ••  .  •  • 


Onion,  Alliom  cepa 
Garlic,  Allium  sativum 
Methi,Trigonella  fenagrsscnm 
Carrots,  Dancus  carota 
Jvancl     •••     •••     •••     ••• 


Opiam,  Papaver  somniferam. 
Sangmurla    •••     •••     •••     ••< 

Rajgura ••• 

Wheat,  Triticum  vnlgare     ... 

Sugar-cane,  Saccharum  offioi 

narnm      .. 
Sang  of  Goor 
Bhend 
KarU 
Turai 
Kawala  ... 
Chawala 


IJuly 


99 


1/ 


25  Sept. 


91 
9} 
99 
99 


INov. 


•••     •••     ••• 


•••     •••     ••• 


•••     •••     •••     ••• 


•••     •••     •••     •••     ••• 


99 
99 
99 


DayB. 
5 

7 
7 
5 
8 

7 
5 
7 

8 
8 

5 
6 
5 
5 


Marcb 


•••■    •••     ••• 


••• ' 


•••     •••     •••     ••• 


Plantain 

Pan,  Piper  betel 

Fruit  trees 


•••     ••• 


•••     •••     ••• 


•••     •••     ••• 


•••     •••     •••     ••• 


99 
99 
99 
99 
99 
99 


23  May 


••• 


••• 


I 


I 

6 


Prodnceper 
acre,  exdnding 
■traw,  &c. 


Daya. 

75 
105 
120 

90 
150 

37. 
37 

30 

75 

135 

75 

75 

90 

105 


12 
7 

7 

7 
8 
5 
5 


Days. 
105 

370 
370 
120 
150 

120 
120 
120 
75 
135 

90 

90 

120 

120 


300 
37 
40 
75 
90 
90 
37 

360 

••• 


••• 


300 
76 
80 
90 
120 
120 
75 

450 

•  •• 


Arerage.  Max. 
lU.       Iba. 

100  ... 
2000  ... 
4000 

800 
1600 


••• 


••• 


«.. 


.*• 


1200 


10      20 


240 
300 


••• 


••• 


••• 


1600    7500 


••• 


... 


••• 


... 


••• 


••• 


400  trees. 


••• 


••• 


\ 


[122] 


Well  Irrigation  in  Barar. 

1.  The  following  crops  are  watered  daily  in  the  hot  season,  and  at 
intervals  of  from  one  to  seven  days  thronghont  the  rest  of  the  year 
as  required  ;  sugar-cane,  pan,  plantain,  hengan,  sag,  bhaji,  and  green 
vegetable  produce  ;  when  the  sugar-cane  is  one  foot  high,  the  supply 
of  water  is  reduced. 

2.  The  following  crops  are  watered  once  in  throe  days  in  the  hot 

* 

season,  and  at  intervals  of  from  three  to  seven  days  throughout  the 
rest  of  the  year  as  required :  ganja,  opium,  onions,  garlic,  perennial 
pepper,  bhoimug,  fenugreek,  carrots,  kand,  chika,  chakut,  sangchawali, 
and  the  common^produce  of  small  vegetable  gardens, 

3.  The  following  crops  are  watered  once  in  throe  or  four  days  at  all 
seasons,  generally :  anise,  safiron,  turmeric,  ginger,  ratalu,  goradu, 
pendia,  wangi. 

4.  The  following  crops  are  irrigated  once  a  week  generally :  sang 
of  goor,  bhend,  karli,  turai,  kawala,  chawala,  sangmurla,  and  rajgora. 

5.  The  remainder  are:  wheat,  once  in  fifteen  days;  maize,  three 
waterings  to  the  crop ;  young  fruit  trees,  once  a  week ;  older  trees, 
four  or  five  times  a  year. 

The  ordinary  condition  of  the  irrigation  in  Berar,  is  thus : — 
The  wells  have  an  average  depth  of  30  feet,  and  are  each  worked 
by  one  pair  of  bullocks  for  nine  hours  daily,  which  raise  a  leather  bag 
(mot)  containing  300  lbs.  of  water.  They  can  thus  water  half  an 
acre  daily  well,  but  for  a  continuance  cannot  keep  watered  more  than 
3  acres  of  ordinary  irrigated  crop8%  The  prime  cost  of  a  common 
unreveted  well  is  i£30,  the  bullocks  JB15,  gear  £6,  in  all  £bO :  the  daily 
expenditure  is,  feed  of  bullocks  Is.,  labour  of  two  men,  at  Is.  each, 
in  all  38. ;  or  about  £50  a  year. 

Produce  of  Crops  at  the  Exj)eriviental  Farms  in  Bar  or,  1870. 

Yield  of  clean  cotton  in  lbs.  per  acre. 

Umraoti.    Sheagaon.  Umraoti.   Sbea^aon. 

Banni 184  80  '       Ilinghanghat   ...  180       .    50 

Jarri 06         150  Dharwar 14  24 

Manured  land  yielded  430  lbs.  of  clean  cotton  per  acre. 

* 

The  following  were  the  yields  of  other  crops : — Jowari,   538  lbs. . 
wheat,  745  ;  gram,  312 ;  muth,  300;  linseed,  278;  peas,  408  lbs. 
In  ploughed  land,  jowari  yielded  060  lbs. 
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The  Chops  of  the  Madras  Presideneif  and  their  Seasons. 


••• 


29 


f 


I, 


Local  name 
f  Cholam... 
Kambu... 
Tennai ... 
Chamai... 
Godambai    ... 

Makkai 

•Nellu 

f  ThovBTai 

Kadalsi 

Ulaudn 

Pacha  payara 

Pattani 

Tnlkapair     ... 

Averi    ... 

MaDJel 

Injre      

Emburobai   ••• 
Safflower 
Kasakasa 
Poghrielli     ... 

jL  arau  ...     .  •  • 
Ganja    •••     ... 

Allivarai 
Allivarai 
Janupanar    ... 
Pulchi  ... 

'  Sillamunak  ... 
Kadagu 

Yellu    

Kalamilli 

Pusani 

Pudelam 
Kotaverai     . . . 
Pichnpallam... 

Vallen 

Molam 

Sathakapi     ... 


Sorghum  yulgare 

Penicillaria  spicata  ... 

Penisetum  italicam  ... 

Panicnm  miliacenm  ... 
Triticnm  vnlgare 

iLioa  mais      •••     •••  ••• 

Oriza  sativa 

Cajanos  indicos 

Cicer  arietinam  ... 
Phaseolus  aureas 
Phaseolas  mnngo 

Pisam  arvense     

Phaseolas  aconitifolias . 

Indigofera  tinctoria   ... 

Carcuma  longa 

Zingiber  officinale 

Rabia  cordifolia 

Carthamns  tinctorios... 
Papaver  somniferum  ... 
Nicotiana  mstica 

Gossypium  herbaceum 
Cannabis  sativa         ...  ^ 

Corchoms  capsalaris     ^ 


Linnm  usitatissimom 
Crotalaria  pincea 
Hibiscus  cannabinus  .. 

Bicinus  communis 
Sinapis,  three  varieties 
Scsamum  orientale     ... 
Coriandmm         

Cucurbita  maxtma 

Tricosanthus       

Trigonclla  foonugrsBum 
Citrullus      ... 

Cucumis  sativus 

Cucumis  melo     

Anethum  sirwa 


\ 


Sown  in 

September 
April 
September 
July 
July 
July- 
July 

July 

July 

July 

September 

September 

December 

November 
August  ... 
September 
October ... 
November 
October  ... 
January... 


Cat  in 
December. 
June. 
January. 
January. 
December. 
October. 
October. 

April. 

April. 

February. 

December. 

December. 

March. 

March. 

February. 

February. 

February. 

March. 

March. 

April. 


May January. 

Six  months  at  any  time. 


August  ..« 
August  ... 

August  ... 
Sopternber 
January... 
December 

July 

July 

July 

February 

April 

April 

December 


March. 
March. 

November. 
February. 
April. 
March. 

December. 

December. 

October. 

April. 

July. 

July. 

March. 


*  Many  yarions  sorts  of  rice  are  grown  in  tbe  Madras  Presidency ;  one  is  a  cold 
weather  crop,  and  anotlier  is  left  a  long  time  standing ;  bat  that  above-mentioned  is 
the  staple  crop,  its  period  being  cobcident  with  the  rainy  season. 
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WATER  RATES  AND  WATERINGS. 

The  Panjab* 

On  the  Ban  Doab  Canal,  from  1862-63  to  186d-70. 

For  all  crops,  per  acre  per  crop       ..•        2r.  6a.  8p.  or         4  10 
Idfl  irrigation,  one-half  the  above  rate. 

Since  1869-70. 
I.  Sugar-cane,  per  acre  per  year ...       12    0 


9    6 


3     0 


II.  Rice,  per  acre  per  crop ...^ 

(harden  produce,  per  acre  per  half  year  •...        •••  3 

III.  Kharif  crops.      Cotton,  hemp,  indigo,  turmeric  sesa-  ^ 

mum,  watemuts,  vegetables,  orchards,  fruit  trees  .••  J 
Rabbi  crops.      Wheat,  barley,  mixed  grain,  linseed,  \      5     0 
sarru,  taramira,  mustard,  opium,  tobacco,  tukhmba- 
langa,  eafflower,  chillies,  vegetables,  per  acre  per  crop 

IV.  Kharif  crops.     All  millets,  maize,  and  crops,  not  else- 

where mentioned  •••         •••         ...         ••• 

Rabbi  crops.     All  pulses,  all  grasses,  fallow  lands,  and 
crops  not  elsewhere  mentioned,  per  acre  per  crop  ... 

y.  Single  waterings,  and  Rabbi  crops  not  requiring  water 

after  December,  per  acre  per  crop     ...         ...        ',„         16 

For  lift  irrigation,  one-half  the  above  rates. 

Average  supply  per  acre,  44  000  cubic  feet. 

On  the  Western  Jamna  Canal,  from  1862-63  to  1866-67. 

B.     d. 
On  all  first  class  lands,  per  acre  per  crop         2     3^ 

On  all  second  class  lands,  per  acre  per  crop     1     4 

For  lift  irrigation,  two-thirds  the  above  rates. 
Since  1866-67  the  rates  have  been   identical  with   those   of  the 
Ganges  and  Eastern  Jamna  canals. 

On  the  Delhi  and  Qurgaon  h*rigation  Works,  from  1862  to  1870, 
the  rates  were  for  grass  crops,  per  acre,  5d. ;  and  for  all  other  crops, 
per  acre,  9|d. 
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The  Noeth-west  Provinces, 


Oaiiges  and  Eastern  Jamna  Canals^  from  1862-63  to  1865-66. 

I.Sngar-cane.peracreperyear %% 

II.  Fruit,  nursery  and  vegetable  gardens,  all  cultivated 
grasses,  rice,  watemuts,  ajawen,  and  similar  herbs, 
per  acre  per  crop         «..         5    0 

in.  Indigo,  cotton,  tobacco,  wheat  and  oats  (Babbi),  per 

acre  per  crop    •••         •••         ,••         •••         ..•         •••         8     4 

IV.  Barlej,  all  pulses  and    millets,  maize,  safflower,  oil 

seeds  (Kharif),  per  acre  per  crop      2     5 

From  1865-66  to  1867-68. 

Gardens  and  all  lands,  taking  a  perennial  supply,  were  transferred 
from  Class  II.  to  Class  I  ;  and  the  rates  then  became  for  Class  I., 
10s.  Od. ;  II.,  6s.  Od. ;  III.,  48.  6d. ;  IV.,  3s.  4d. 

Since  1867-68,  the  fruit,  vegetable,  and  nursery  garden  produce 
have  been  transferred  again  into  Class  II.,  but  the  rates  for  the  various 
classes  have  otherwise  remained  the  same  as  before.  For  lift  irriga- 
tion, the  rates  have  always  .been  two-thirds  of  those  by  flow. 

The  other  sources  of  revenue  are,  for  watering  cattle,  12s.  per  100, 
per  year  ;  sheep  and  goats,  4b.  ;  supplying  tanks,  rent  of  com  mills, 
sale  of  grass,  timber,  fuel,  and  fruit,  fines  for  trespass,  &c. 

Dun  CanaU,  from  1862-63  to  1865-66. 

For  garden  produce,  sugar-cane,  and  first-class  rice,  2s.  6d.  per  acre 
per  crop  ;  for  tea.  Is.  3d. ;  for  wheat  and  inferior  rice.  Is.  Od. 

From  1865-66  to  1867-68.  per  acre. 

8.     d. 

I.  Tea,  sugar-cane,  garden,  and  perennial  watering,  per  year  10  0 

II.  First-class  rice,  tobacco,  opium,  and  watomut,  per  crop  6  0 

m.  Indigo  and  cotton     ...         ...         ...         ...         per  crop  4  6 

IV.  Inferior  rice,  wheat,  oats,  and  other  crops ...         per  crop  2  6 

From  1867-68  to  1Q71-72,  tea  and  sugar-cane  remained  in  Glass  I., 
the  garden  and  orchard  produce  being  transferred  to  Glass  XL ;  but 
the  rates  for  the  various  classes  remained  unaltered. 
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Since  1871-72,  the  rate  for  tea  has  been  altered  to  \m,  6d.  fiir 
watering ;  leaving  sogar-cane  alone  in  Class  L ;  tlie  rates  Ibr 
produoo  on  some  of  the  Don  canals  has  been  lowered. 

For  lift  irrigation,  the  rates  have  been  alwajs  iwo-tbirds  of 
by  flow. 

Rohilkand  CanaU 


L  Garden  and  orchard     ...         per  crop  4    0 

XL  Sagar-cano,  tobacco,  opium  and  watemnt,  per  first  watering*  ]     0 
III.  All  ooroalfl,  pulses,  and  oilseed  ...    per  first  watering   0    6 

In  Cliissos  II.  and  III.,  half  rates  for  every  sabseqaent  watering. 
For  lift  irrigation,  the  rates  are  half  of  those  for  flow. 

The  number  of  waterings  prescribed  on  the  Naginah  Gazial  is  r^ — 

For  fruit  gardens  per  year    8  waterings. 

Hemp       •••         ...         ...        ...        per  crop    5         „ 

Rico,  sugar-cane,  indigo,  tobacco, 

cultivated  grasses  and  herbs  ...        per  crop    4  ^ 

Cotton,  cereals,  and  pulses        ...        per  crop    3         ^ 

Natiqation  Tolls  in  Nobtbbrn  Indu. 

The  Western  Jamna  Canal  transit  dues  are  tabulated  according  to  a 
most  complicated  code,  the  rates  for  yarious  sorts  of  Umber  varying 
from  Is.  3d.  to  £i  per  score  for  the  whole  course  of  the  canal,  with  a 
reduction  for  intermediate  distances ;  the  itites  by  weight  being  about 
6d.  per  ton  for  the  whole  course  of  the  canal. 

The  Bari  Doah  Canal  transit  dues  arc : — 

For  rafts  of  all  sorts  of  timber     •••  l|d.  per  £10  value  at  starting. 

For  rafls  of  bamboos         ...         ...  |d.  per  thousand. 

For  rafls  of  firewood,  hemp,  flax, 

and  grass ...         ...         ...         ...  |d.  per  4  tons,  or  100  mans. 

For  rafts  of  reeds,  sirkanda  ...  ^d.  per  thousand  bundles. 

The  Ganges  Canal  transit  dues,  since  1872,  have  been:— 

8.      d. 
For  boats,  per  month  ...         ...         ...         ...         ...         ...     9     0 

Rafts  of  logs,  per  mile            ...         ...  per  100  cubic  feet.  11 

Rafts  of  sleepers,  <&c.,  per  mile          ...                9»        »  \ 

Rafts  of  bamboos,  per  mile   ...          ...                »        f»  \ 

Rafts  of  firewood,  per  mile per  1000     "  „  ^ 

The  Eastern  Jamna  Canal  is  very  little  used  for  navigation. 
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Water  Rates  and  Waterings  in  Southern  Indu. 

In  the  Bomhay  Presidency  there  is  generally  a  combined  land  and 
irrigation  assessment.  The  canals  are  divided  into  three  sorts,  and 
classified  according  to  depth  of  soil,  in  cubits  of  18  inches,  and  with 
respect  to  their  special  advantages  and  disadvantages.  Ko  advantage 
is  considered  to  arise  from  more  iihan  two  cubits  in  depth  of  soil,  as  it 
cannot  imbibe  and  retain  more  effective  moisture ;  the  disadvantages 
taken  into  consideration  are  the  presence  in  the  soil  of  kankar,  coarse 
sand,  loose  or  stiff  soil,  excess  of  moisture,  and  liability  to  be  flooded. 
In  a  moist  climate  the  better  and  worse  descriptions  of  land  are  con- 
sidered more  on  a  par,  the  latter  benefiting  more  from  moisture  than 
the  former. 

The  general  assessment,  per  acre,  is,  as  follows : —  ' 

8.     d.  8.      d. 

For  unirrigated  or  dry  crops  ...         ..•-...     3     6 
For  ordinary  irrigated  or  garden  crops  «..     8     0 

For  special  irrigated  crops  in  some  places    ...  14    0  to  80    0 

The  rates  allowed  on  the  Mukti  project  are : — 

For  sugar-cane,  56s. ;  for  ric^,  20s. ;  for  wheat,  10s.  per  acre. 

Ajid  those  allowed  on  the  Lakh  project  and  Bhatodi  tank  are : — 

For  perennial,  or  12  months,  irrigation,  per  acre    188. 

For  wet  and  cold  season,  or  8  months'  irrigation     „         10s. 
For  mansun,  or  4  months'  irrigation  •••  ,,  Gs. 

The  amount  of  watering  considered  necessary  per  square  yard  of 
cultivation  is : — 

For  rice  crop        ...         4  months         ...         \  cubic  yard. 
For  sugar-cane     ...       11  months         ...       1  „ 

A  good  well  will  keep  irrigated  from  four  to  six  acres  of  inferior 
garden  crop. 

In  the  Madras  Presidency  there  is  generally  a  combined  land  and 
irrigation  assessment.     The  consolidated  revenue,  including  the  water 
rate,  is  two-fifths  of  the  value  of  the  produce,  but  is  sometimes  less 
according  to  the  market  price  of  rice.  « 
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Tho  general  assessment,  per  acre,  is  as  follows  :— 

For  nnirrigated  or  dry  crops   ...         4 

J? or  nee  ••.         •*•         •••         .*•         .*•         •••         •••     «/ 

Sagar,  at  the  same  ratio,  would  be  sometimes  as  mnch  as 

Bat  the  general  range  of  assessment  is  from 4 

The  water  rate  allowed  hj  Goyemment  on  the  Turn- 

baddra  Canal  of  the  Irrigation  Company  is           ...  10 
In  Maisur,  the  general  rate  per  acre  is  12 

The  general  allowance  of  water  t^  rice  crops  in  the  Madras  Presi- 
dency is  1  cubic  foot  per  second  of  supply  to  40  acres ;  to  sagar  cane, 
gram,  plantain,  and  garden  crops,  1  to  120  acres;  ordinary  field 
crops  are  rarely  grown  in  places  where  irrigation  is  ayailable. 

When  comparing  the  water  rates  in  vogue  in  different  parts  of 
India,  the  average  wages  of  a  daily  labourer,  or  coolie,  ahoold  be 
borne  in  mind.     The  following  are  approximate  data  :— 

In  Northern  India 3d.  to  4^ 

In  Barar         •••         ...         •••         ...  6d.    to  9d« 

In  the  Bombay  Presidency 6d.    to  9d. 

In  the  Madras  Presidency     2Td.  to  3|d. 

In  Maisur       3d.    to  6d. 
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Dbscription  and  Analysis  of  Watkb. 

Proportion  of  Silt  per  100  000  parti  of  water  brought  down  by  various  rivers. 

{Reduced  from  Heffwood's  table.) 


River. 

Mean  Proportion 

Maxi- 
mam. 

Mini- 
mum. 

Aathority. 

By 

bulk. 

By 

weight. 

By         By 

weight,  weight. 

MiRsissippi  at  Carrolton... 

• 

20 

55 

•. . 

•• . 

Miss.  D.  Survey. 

„         at  Columbus  ... 

40 

70 

..  • 

... 

>f       ft        If 

,«        at  the  mouths... 

42 

80 

... 

... 

Mr.  Meade. 

»f                    (»         ••• 

31 

58 

... 

.. . 

Mr.  Sidell. 

„         at  New  Orleans 

33 

87 

... 

•* . 

Pro£  RideU. 

^ lie          ...        ..•        ... 

... 

158 

... 

... 

Mr.  Homer. 

„    in  1874          

... 

... 

140 

7 

Mr.  Fowler. 

Yellow  River,  China 

••  • 

333 

•  •  • 

..• 

Sir  G.  Staunton. 

Ganges     •••        ..•        ••. 

98 

lOG 

•  «  • 

••. 

Mr.  ETerest 

Hnghli,  at  Calcutta 

... 

68 

138 

25 

Dr.  Macnamara. 

Indus 

... 

•• . 

476 

••• 

CoL  Tremenheere 

Jrrawaddi ... 

••• 

33 

58 

17 

Mr.  Login. 

X  O                 ••*           *••            ... 

333 

••• 

••• 

... 

Mr.  TadinL 

Rhone,  at  Lyons 

... 

.6 

••• 

... 

Mr.  Surell. 

y,       at  Alios  ...        ... 

.. . 

50 

435 

14 

M.  Subour. 

„        at  Bonn  ... 

... 

0 

8 

5 

Mr.  Homer. 

Garonne   ..• 

13 

10 

75 

... 

Mr  Baumgarten. 

Xixeuse       •..         ...         ... 

>.• 

10 

21 

0-7 

^^^^                      • 

Seine,  at  Rouen 

... 

2 

4 

•.« 

M.  Marchal. 

Soane       ... 

•*. 

4 

10 

O'S 

— 

Danube 

3 

*.. 

•. . 

•  •• 

M.  MarchaL 

Ouse,  at  Ely       

.•• 

1 

4 

01 

Mr.  Latham. 

\. 
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Amtlg*i$  of  the  WaUr  and  SUt  of  the  NiU  in  1874  by  Dr.  Leththf. 


ConttitaenU  p«r  100  000  parte. 

Jane  8. 

Jvly  10. 

Aiigiistl2 

Sept.  20. 

Oct  li 

Actual  or  saline  ammonia      *.. 

0-0067 

0i)129 

0-00491 

0-0100 

;    0-0171 

Ammonia  from  organic  matter . 

0-0114 

00100 

0-0071 

00171 

0-01*5 

^Lime 

4167 

31)92 

4.42-3 

4-260 

2-309 

Magneaim 

1023 

5-113 

1080 

0-617 

0-483 

Soda           ...        «••        ••• 

1-201 

0-744 

0-687 

0-301 

0-504 

• 

Potassa       

2-475 

1062 

1-601 

4-120 

2-348 

^ 

Chlorine     

1043 

0-851 

0-628 

0-209 

0-491 

Sulphuric  acid       

2*808 

2-838 

1-837 

1*906 

1-908 

Phosphoric  acid     

trace 

•*  • 

••  • 

••• 

traee 

Q 

Nitric  acid 

trace 

•• . 

•.• 

••• 

trace 

Silica  alumina  and  oxide  ) 
of  iron                           J 

0-701 

0-713 

1120 

1*257 

1-843 

Organic  matter      

1-600 

1057 

1186 

1-929 

2-414 

1 

Carbonic  acid  and  loss 

4182 

3-616 

4-281 

4-754 

8-55: 

Total  solid  matter  on  evapo-) 
ration                                  > 

20-300 

16-386 

16-601 

19-443 

1 

16-857    i 

1 

! 

,   ,  rOrffamc 

Suspended  i 

0-829 

9114 

18414 

6-914 

4-686    1 

1 

^'^^^^^     <  Mineral 

6-086 

8-729 

• 

130-743 

48-943 

33*214 

Total  suspended  matter 

0-915 

17'843 

140157 

54-257       1 

57-800 

The  average  percentage  of  the  sedimentaiy  deposit  from  all  the  above  samples 
was : — 

Organic  matter. 

Phosphoric  acid 

Sulphuric  acid 

Chlorine 

liiine      ••«         »••         •••         ••• 

Magnesia 

100- 

The  Nile  water  owes  its  fertilizing  power  not  only  to  the  quantity  of  ammonia, 
nitrof^encous  orgnnic  matter,  the  sduble  silicates  of  potassa  and  soda,  and  traces 
of  phosphoric  nnd  of  nitric  acid  in  the  water,  but  also  to  the  sedimentaiy  mattea 
which  are  charged  with  phosphates  and  alkaline  silicates. 


14-61 

Potassa 

...      l-?-i 

178 

Soda      ...         ...         ... 

...     o-yi 

trace. 

Alumina            

61> 

trace. 

Peroxide  of  iron 

...     1515 

206 

Silica     

...     55-09 

112 

Carbonic  acid  and  loss 

1"2S 

'-iti-'l 
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Pethawar. — The  drinking  water  is  obtained  bj  open  canal  from  the 
river  Barra,  which  also  fills  reservoirs ;  the  water  is  excellent,  but 
sometimes  mnddj ;  the  reservoirs  are  freqnentlj  drained,  bni  contain 
frogs,  also  Tjpha  angnstifolia,  Potamogeitons  and  GonfervsB. 

The  Peshawar  Marsh  being  speciaUj  renowned  for  its  malarioiu 
effects,  an  account  of  the  flora  that  thrive  there  will  therefore  be  of 
interest.  On  the  higher  ground,  which  is  covered  with  saline  efflo- 
rescence, g^w  several  species  of  Salsolacesd,  Franknia  pnlverolenti, 
Tamarix,  Salix  Babilonica.  The  ordinary  plants  that  grow  in  and 
around  the  marsh  are  : — Epilobium,  occasional ;  Ljcopos,  abondant  in 
parts ;  Lippia  nodiflora  and  Herpetis  monneira,  about  ditches ;  Utricu- 
laria,  rare ;  Eclipta  erecta,  not  uncommon ;  Ranunculos  aqoatilis  and 
Ranunculus  sceleratus,  common ;  Limnanthemum  cristatum,  a  species 
of  Lium;  Tjpha  angnstifolia,  abundant;  Nelumbium,  cultivated; 
Butomus,  rare ;  Sagittaria  sagittafolia,  Alisma  equisetam,  two  species 
of  Juncus,  rare.  Of  Sedges,  the  following  are  common  : — Cjpicns 
exaltatus,  Cjpicus  mucronatus,  MalacochsBte  pectinata,  Scnpus  mari- 
timus,  Garix  Wallichiana,  Eleocharis  palustris.  The  common  grasses 
about  and  near  the  water  are: — Agrostis  alba,  Poljpagon  monspeliensis, 
Andropogon  Bradlii,  Gjnodon  dactjlon,  an  Arundo,  a  Sacchamm. 
The  following  are  the  floating  and  submerged  plants  : — A  Ceratophjl- 
lum  (demcrsum  ?),  Potamogeiton  crispus,  P.  pusillus,  Potamogeiton 
plantageneus,  rare ;  Hydrilla  verticillata,  Marsilia  qnadrifolia,  Chara, 
most  abundant ;  Nitella,  occasional ;  CotifcrvaB,  profuse.  Two  species 
of  Riccia,  a  Semno,  and  an  Argola,  are  abundant  in  some  places. 

The  Well  Water  of  the  Statiom  of  the  Bomboi/  Presidency, 

Bombay. — Well  water  brackish,  containing  a  large  quantity  of  lime, 
also  sea  salt.     Vehar  reservoir  water  is  considered  very  pure. 

Saltara, — Wells  and  tanks  in  trap  rock ;  the  guinea  worm  is  found 
in  them. 

Malligaum. — The  wells  require  clearing  from  sediment  once  a  year, 
and  would  otherwise  become  unwholesome. 

lielgaum, — Well  water  clear,  good,  soil  and  wholesome,  contains 
chlorides,  sulphates  of  lime  and  magnesia,  and  a  salt  of  iron.  Free 
from  taste  and  smell. 

Ahmadahad, — The  well  water,  afler  long  use,  is  apt  to  induce  disease 
of  the  spleen,  which  the  river  water  does  not;  the  former  has  a 
higher  specific  gravity  than  the  latter. 
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Baroda, — Well  water  clear,  soft,  and  of  good  qnality ;  it  contains 
no  snlpliates,  phosphates  or  nitrates,  nor  anj  salts  of  lime;  it  is 
alkaline ; — it  contains  principally  chloride  of  sodiam,  also  carbonate 
of  soda,  and  a  faint  trace  of  lime,  but  no  iron. 

Nassirahad, — Most  of  the  wells  are  so  salt  that  they  are  unfit  for  nse. 
The  water  from  the  same  well  varies  considerably  in  saltness,  being 
sometimes  palatable,  clear  and  hard  ;  that  firom  a  wholesome  well  was 
foand  to  contain,  after  evaporation  to  dryness,  organic  matter  in  the 
large  proportion  of  1  in  200,  as  well  as  chloride  of  sodiam  and  sul- 
phates of  alumina  and  potass,  besides  other  chlorides  and  sulphates. 

D^eta.— Well  water  clear,  agreeable,  devoid  of  smell,  almost  free 
from  organic  matter,  with  an  inconsiderable  amount  of  saline  or 
mineral  ingpredients. 

Sholapor. — Wells  supplied  by  percolation  from  the  tanks;  water 
very  good,  soil,  pure,  uninjurious,  and  colourless,  when  filtered  has  a 
specific  gravity  of  1000*4  and  contains  30  grains  of  solid  matter  to  a 
gallon :  under  microscopic  examination  was  found  to  contain  no  organic 
matter  beyond  a  little  shiny  film.  The  tanks  contain  Flosaqun,  as  well 
as  ordinary  grasses  and  rushes,  and  among  the  infusoria  the  encap- 
suled  amalffi  oscillatoria,  and  sodogonium ;  in  dry  weather,  when  the 
floss  decomposes,  the  malaria  is  most  noxious. 

Surai. — There  is  not  a  single  well  fit  for  drinking  from  within  the 
station.     All  are  impregnated  with  sulphuretted  hydrogen. 

Hyderabad  in  Bind, — The  wells  are  supplied  by  inundation  from  the 
Indus.  The  water  is  said  to  be  soft,  good  and  wholesome,  a  few 
wells  only  brackish:  yet  the  wells  swarm  with  animal  life.  Like 
most  wells  in  Sind,  they  may  be  exhausted  by  an  ordinary  Persian 
wheel  in  twelve  hours. 

Dhartoar, — The  well  water  has  the  reputation  of  being  very  good  and 
wholesome,  but  also  to  give  rise  to  guinea- worm  among  the  natives. 

Dhulia, — Well  water  good,  sofl,  devoid  of  smell,  of  an  agreeable 
taste,  but  of  a  rather  blue  colour. 

Serur, — Well  water  hard,  but  good  and  wholesome ;  it  contains  a 
little  lime. 

Batnagherri. — Well  water  vexy  good,  as  soft  as  rainwater,  and  free 
from  taste  or  smell. 

BND  OF   HYDRAULIC   STATISTICS. 
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DAY    MAXIMUM     RAINFALLS. 

LONG  CONTINUOUS  FALLS, 
AND    SPECIAL    RAINFALL    DATA. 

N.B.  There  are  not  any  Day  Maximum  Returns  for  Bengal  Proper. 
Day  Maximum  at  Calcutta  about  5  inches. 


General  data  for  extraordinary  rainfall  in  Southern  India,  exclusive  of 

very  extraordinary  cases. 
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For  the  sheltered  table-landt  of  Balari  and  Kadapa 

For  the  average  of  Plains  like  that  of  Tinnevelly, 
Ramnady  Trichinopoly,  Eastern  Coimbator, 
and  Western  Tanjor 

For  the  bases  of  hills  sheltered  from  the  S.W., 
bnt  more  exposed  to  the  N.£.  mansun ;  and 
for  a  table-land  like  Maisur  not  shut  out  from 
the  N.E.  mansun 

For  plains  and  table-lands  of  Haidarabad  and 
Nagpur 

For  plains  like  Tanjor,  South  Arcot,  Chinglepat; 
for  the  plains  of  Gantur,  Nellor,  Rajahmandry, 
Ganjam,  and  Masulipatam  

For  the  hills  of  Kadapa,  Nellor,  Gantur,  Rajah- 
mandry,  Ganjam,  and  Masulipatam 

For  hill  summits  well  exposed  to  the  S.W. 
mansun 


Inches. 
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80 
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150 
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III.— Bombay  Preiidbncy, — Special  Rainiall  DaU. 

Day  Maxima  of  Five  Sutioni  in  Ten  Years. 
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.,     in  i4hounon9  Aug.,  1868, 
17>«.  i869- 
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IV. — North-West  Provinces  and  Oudh. 
Diy.Mucima  in  Six  Years. 


Bareli 

Allihibid   .. 


4-B  Stpt.  ■  r 

l-oAiig. 

j-8  Sept. 
S-oAug-lj- 

♦■♦July  i  3' 


Likhn 

Beiw»  (Ajmir]    5*70 


incbct  in  48  boon  nn  jtli  ai 


Rurkhi.. 


S-6 


I  lolb  July,  iS6^ 

13rd  and  I4(h  July,  1869. 
n  June,  1KG6.  ' 
Jmuary,  1S64. 
Augosi,  .B63. 
Stpicmbcr,  1865. 
Uecembor,  iSBf. 
September,  i86j. 
July,  ii66. 
Augun,  186G. 

September,  itfil. 
August,  1864. 
J.ly,  .865. 
SeptFinber,  1866. 
July.  .863. 

Augitn,  iS<i4. 

AaguK,  1 86 J. 
July,  1866. 
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V. — Pakjab. 


Day  Mjudma  in  Four  Years, 


Delhi... 
Gurgaoa 
Kumal    , 
Htasar .... 
Rohtak 


Ambala 

Lodianji  

Simla 

Jullundur    

HothyaqMir 

Kangra  

Amritiu' 

Sialkot   

Gurdaspor  

Labor 

Firoxpor 

Gujranwala     ... 

Rawalpindi 

Jhelam   

Gujrat     

Shahpur 

Multan   

Jhang 

Montgomery  ... 
MuzafTargarh  ... 
D.  Ismail  Khan 
D.  Ohazi  Khan 

Baunu 

Peshawar    

Kohat 

Hazara    


1169. 


3*4  Sept. 

3*5  J^ 
3**  July 

1*6  Sept. 
4*0  Sept. 
r«  Sept. 
V7  July 

5*5  J»>y 

2-8  July 
4-6  July 
24  July 
5-2  Sept. 
4*4  June 
7*3  June 
46  July 
3*6  Oct. 
7*0  July 
i'6  July 
1*9  Sept. 
r8  Aug. 

3*5  J">y 

1*4  Aug. 
2*9  Mar. 
2*1  July 

37  July 

1*6  July 
1*5  June 
27  July 
1-5  July 
4*4  Sept. 
8'o  Mar. 
2'o  June 


1870. 


55  Aog. 

2-5  July 
1*5  Aug. 
31  Aug. 
2*8  July 
1*8  June 
5'o  Aug. 
2*7  July 
5*6  June 

33  J«Jy 

3'4  Sept. 

3*9  J"Jy 

3*9  Sept. 
5-0  July 
4-0  Aug. 
2*1  Aug. 
6*0  Aug. 
2-8  July 
3*2  July 
2*2  Aug. 
2*9  July 
1*4  Aug. 
0*5  Aug. 
i*o  June 
1*9  Aug. 
2*0  Aug. 
2*3  June 
1*5  June 
I'o  Aug. 
1*8  Aug. 
S'o  Apr. 
2*9  June 
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VI. — Madras,  Maisur,  and  Curg. 

Day  Maxima  at  Madras  between  1822  and  1857. 


7*88  inches  on  4th  November,  1822. 


887 
12*08 

777 
7-50 
965 

7*20 


» 


f9 


>f 


99 


99 


„  29th  October,  1825. 
„  9th  May,  1827. 
„  27th  November,  1827. 
„  3itt  October,  1836. 
„  20th  November,  1836. 
„  27th  December,  1845. 


1 7*00 
2058 
II  45 
790 
6*22 
12*21 
18*04 


n  12  hourt  on  2itt  October,  1846. 
n  24  hourt  on  2itt  October,  1846. 
n  „        4th  May,  185 1. 

n  „        4th  November,  1851. 

n  <  houn  on  20th  November,  1856. 
n  12  hbun  on  24th  October,  1857. 
n  24  hours  on  24th  October,  1857. 


Falls  at  Bangalor. 
4*85  inches  in  24  hours  in  Sept.,  1852. 
n  35  min.  in  May,  1859. 
n  24  hours  in  Sept.,  1859. 
n  24  hours  in  Aug.,  i860, 
n  15  min.  in  Sept.,  i860, 
n  40  min.  in  May,  1861. 
n  ^^  hours  in  Sept.,  1861. 
in  24  hours  in  Nov.,  1861. 


I'OO 

99 

2*71 

99 

227 

99 

1'20 

99 

r6o 

99 

249 

99 

3-21 

99 

Lonisest  Continuous  at  Bangalor. 

10  days  in  July,  1859. 

10  days  in  August,  1859. 

10  days  in  August,  i860. 

9  days  in  August,  i86i. 


Dodabetta    4*30  inches  in  24  hours  in  May,  1852. 

Shemuga 2*00       „  „  in  April,  1859. 

Shemuga 4*00       „  „  in  September,  1859. 

Chittledrug 10  days  continuously  in  April,  1859. 


VII. — Minor  Provinces. — Haidarabad  and  Barar. 


Sikandarabad 
Bassim  Station  .. 
Bassim  Town    .. 

Pusad    

Janaphal  

Yotmal 

Buldana    

Akola  


1863. 


1*70 


972 


1864. 


3*oo 


2'20 


1865. 


1*90 


3*56 
6*30 

•  •  • 

2*67 


1866. 
2*65 


2*50 
430 

•  •  • 

4*22 


1867. 


2*05 


2*21 
640 

I '60 


1868. 


274 


287 

4*35 
4*05 
4-59 


1869. 


2*27 


3 '60 

4*53 
3*io 


1870. 

Max. 

2'CO 

3*oo 

4-30 

4*30 

7*20 

7*20 

465 

465 

•  •  • 

356 

7*40 

7*40 

4-91 

4*9 « 

4'»7 

9*72 

Longest  Continuous  Falls  at  Sikandarabad. 


7  days  2*32  inches  in  1863. 

16   99     550       »»        »864- 
10   „     2'ii       „         1865. 

7    „     1-17       „         1866. 


5  days  1*53  inches  in  1867. 

7  99     3*3       99         1868. 

8  »»     338       99         1869. 
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Central  Provinces. 

Day  Maxima  in  1S69. 

Kagpor  a'04  inches  in  September.     I     Rttpar    9*70  inches  ia  July. 

l«**lpur 4-20       „        July.  I    Seoni  ..; 4-10         ^ 

Day  Bdaxima  in  1871. 


4*90  inches  in  July. 

Jabalpur 3*83        t»        August. 

Hoskangabad  ...7*50        „        September. 

Pachmarhi 4*85        ,,        September. 

Seoni 2*50       „        June. 


Nagpur 4*'om  iachei  in  June. 

^haadM 4-00         „         September. 

R»«|w a««  „         Septsmbei. 

Sambalpur    ...a*88 


»» 


British  Burmah. 

There  are  not  any  Day  Maxima  in  the  reports  of  this  Province. 


TABLES   OF 


HUMIDITY  AND   EVAPORATION, 
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Evaporation  Data. 
Bombay,  23  Years. 
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August  .. 
September 
October  .. 
November 
December 


Yejrly  Mean  or 
Total  
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Inches. 

'240 
•250 
•283 
•285 
•322 
•174 
-108 

•»35 
•151 

•217 

•266 

,   -270 

808 


Mean  or  23  Ykaes*  Observations. 
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79-2 

78-3 

77*3 
767 

765 
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69*1 

74*4 


7»7 
708 
726 

754 
7SI 
•842 
•877 

•873 
•858 

*8io 

•7 '5 
712 

780 


Inches. 

•05 
•01 

'00 

•05 

•56 

20*84 

24*26 

I3'i6 

964 
2*20 

•47 
•OS 

71-30 


,5* 


Miles  per 
hour. 

IO*8 
IO'4 
12'l 
127 
100 

'9*4 
18-3 

127 

9-8 
114 

90 

127 


A  KOLA,    1870. 


January  ... 
February ... 
March 

April  

May    

June    

July  

August    ... 
September 
October  ... 
November 
December 


Year  Total  or  Max 


'(3 
Q 

e 
8 


c 

o 

•a 

C 

> 


Inches. 
•258 

•359 

•472 

741 

•945 
•446 

•130 
•297 

•260 
•430 

•338 
•352 

•417 


.5*  O 

"S   •«  '5 

o    c  g 

b^    a  Z, 


Inches. 
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Humiditlei. 


Mean.    Max. 
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30 

36 

27 
32 

4» 
60 

56 

70 
62 

58 

5« 

47 


67 

43 
68 

53 
64 
62 

77 
75 
94 
95 
97 
7' 

97 


Various  Evaporation  Data. 
Calcutta Mean  daily —  -50  inches. 


Rurkhi 

Bangalor   

Bangalor    

Vahar  (Bombay).. 
India  generally  ... 
Madras 


99 
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•50 
•22 

•*7 
•125 

•^5 
•30 


» 

99 


or  60  inches  in  4  months. 

in  November,  vessel  on  ground. 

„  vessel  buried, 

or  30  inches  in  8  months  TConybeare). 
according  to  Col.  Cotton,  through  the  year, 
according  to  Observatory  Data. 
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Evaporation  and  Corresponding  Temperatures  at  Red- 
hill,  Madras.    By  Mr.  Ludlow,  C.E. 


Total  Evaporadon 

Daily  Mean  in 

Rainfall  in 

in  Inches. 

inches. 

Inches. 

In  tank. 

In  open. 

In  tank. 

In  open. 

Ratio. 

April 

9-921 

14'>73 

•409 

•567 

»*39 

o* 

May    

ii'iSi 

14152 

•374 

•476 

r27 

a'S59 

June   

11772 

15-079 

'406 

•500 

1.24 

5*59» 

July  

10*079 

11*008 

•327 

•386 

1*19  . 

7-047 

August  .... 

7*105 

8-465 

•358 

•421 

I-I7 

x-890 

Total! 

50- 

64- 

•  •• 

•  •  ■ 

1-25 

17-126 

Means 

•  •  • 

... 

•374 

•469 

Temperature  of  Water 
evaporated. 

Temperature  of  Water 
in  Tanic 

Temperatures. 

In  tank. 

In  open. 

At  top. 

At  bottom. 

In  ran. 

Of  dew  point. 

April  

837 

86-5 

89*1 

851 

106*8 

78-4 

May    

Sri 

82-8 

842 

Sri 

102-0 

788 

June   

79*3 

817 

82*0 

78-8 

101-3 

77*1 

July 

79'9 

81-9 

830 

806 

97*3 

77-0 

August  .... 

8o'4 

810 

S17 

So'i 

98-4 

766 

Means 

8ro 

83*0 

8i-3 

83-0 

loi-i 

77'S 

Madras  Obsietatort  Evaporation  Data. 


Mean  daily. 

January  '300 

February '305 

March  -359 

April -392 

May  -460 

June    '484 


Mean  daily. 

July '413 

August    -354 

September  -334 

October  -288 

NoTember •247 

December  -266 


Total  for  year,  125-8  inches. 


Evaporation  at  Chandamagar,  during  66  days  of  cold  weather,  from  27th  September 
to  15th  December,  1865,  gave  results  varying  between  24*8  and  35*4  inches;  the 
observations  being  made  on  60  tanks,  whose  surfaces  varied  from  one  quarter  of  an  acre 
to  37  acres,  and  whose  depths  varied  firom  6  to  18*3  feet 


{      42      ) 


THE  EVAPORATION  DATA  AND  THEIR  CON- 
DITIONS  OF  OBSERVATION. 


The  data  for   RedhiU,  Madras,  and   for  Pondicheny  have  been 
reduced  to  English  measures  from  those  given  by  M.  Lamairesse,  in 
Vol.  XVIII.,  for  1 869,  of  the  "  Annales  des  Ponts  et  Chaussccs."   With 
regard  to  the  former,  it  is  mentioned  that  the  observations. in  the  open 
were  made  at  about  1000  yards  from  those  in  the  unk,  and  that  the 
results  show  that  the  decrease  of  the  ratio  of  evaporation  in  the  open 
to  that  in  the  tank  is  solely  due  to  the  diminution  of  the  depth  of 
water  in  the  tank.     The  water  in  the  tank  went  down  in  Bvc  months 
75  inches,  in  spite  of  8  inches  of  rain,  in  all  83  inches;  of  which  the 
tank  evaporator  accounted  for  only  53  inches  as  lost  by  evaporation, 
hence  only  30  inches  were  used  in  irrigation  out  of  83  inches  in  the 
tank — Lf.,  three-eighths  were  utilized,  and  live-eighths  lost, 

M.  Lamairesse  also  mentions  that  the  English  engineers  in  the 
Madras  presidency  also  allow  for  a  loss  of  water  in  irrigation  by 
evaporation  of  3  inches  daily  per  square  yard  of  land  irrigated. 

The  conditions  and  mode  of  observation  adopted  in  the  old  Bombay 
Observatory  data,  the  Madras,  Calcutta,  and  the  Rurkhi  data  are  not 
explained. 

The  Akola  data  were  observed  by  a  military  surgeon;  the  evapo- 
rator being  a  simple  tin  pot,  about  four  inches  in  diameter,  surrounded 
by  a  little  cotton-wool,  and  covered  with  a  wire  gauge  covering  to 
protect  the  water  from  animals  ;  the  water  was  measured  every  second 
day  in  the  graduated  measure  used  for  measuring  rainfall. 

The  conditions  of  observation  adopted  by  Mr.  Conybeare  at  Vahar 
are  not  forthcoming ;  but  as  his  data  more  nearly  represent  the  actual 
amount  of  evaporation  from  large  sheets  of  standing  water  than  those 
of  others,  and  have  been  confirmed  by  practical  results,  they  are  ex- 
ceedingly valuable. 
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GENERAL  REMARKS 


ON   THS 


METEOROLOGY    OF    INDIA 


I.   RAINFALL. 


The  returns  given,  under  the  two  heads  of  mean  monthly 
rainfall,  and  day  maxima,  include  everything  available  that 
would  be  of  use  to  the  hydraulic  and  irrigation   engineer. 
The  maximum  and  minimum  annual  rainfall  for  each  place 
would  have  been  given  with  the  average  annual  rainfall  in  all 
cases,  as  in  those  of  the  Bombay  Presidency,  the   Punjab, 
Mysore,  and  the  minor  provinces,  but  unfortunately  they  were 
not  to  be  had.    For  the  Madras  Presidency,  no  mean  monthly 
returns  subsequent  to  1861  are  available.     For  Bengal  and 
Burmah  there  are  no  day  maxima  procurable.     In  all  cases 
hundredths  of  an  inch  of  rainfall   have  been   rejected,  as  in 
the  first  place  they  are  unnecessary  to  the  engineer,  and  in 
the  second  it  would  be  aiming  at  a  refinement  of  exactitude 
beyond    the    present   powers    of    meteorological  observation 
generally  throughout  India.     As  regards  mean  monthly  re- 
turns, since  it  appears  that  the  cycle  of  rainfall,  in  which 
maximum  and  minimum  annual  falls  in  Indfa  occur,  is  about 
ten  or  eleven  years,  the  average  for  this  number  of  years  may 
be  considered  as  practically  correct ;  anything  beyond  that  may 
therefore    be    considered  unnecessary,    and    anything   less    as 
incomplete  in  that  respect,  and  serving  merely  as  a  useful 
approximation. 

The  rainfall   data  given  for  years  previous  to   1861  were 
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extracted  and  reduced  from  a  Parliamentary  Blue  Book  pub- 
lished in  1863  ;  those  for  years  subsequent  to  1861  were 
reduced  from  yearly  returns  furnished  by  the  meteorological 
reporters  of  the  various  provinces  of  India ;  or  rather  from 
such  of  them  as  could  be  procured,  including  the  latest  sup- 
plied by  the  India  Office  in  1874.  All  returns  made  by 
natives  under  the  superintendence  of  the  civil  officials,  Anglo- 
Indian  magistrates,  and  hence  not  under  the  control  or 
inspection  of  meteorological  reporters,  or  other  qualified 
meteorologists,  have  been  generally  excluded  from  these  sta- 
tistics ;  those  for  Berar,  reduced  and  examined  by  myself, 
forming  the  sole  exception. 

The  position  of  the  places  mentioned,  latitudes  and  longi- 
tudes, have,  when  given  with  elevations,  been  generally 
obtained  from  the  yearly  returns  of  the  meteorological  re- 
porters ;  in  other  cases,  that  is,  when  the  elevation  is  not  given 
with  them,  they  may  be  considered  as  mere  approximations 
intended  to  guide  the  reader.  As  regards*  the  nomenclature  of 
the  places,  a  serious  difficulty  in  a  country  where  there  are 
no  less  than  twxilve  main  widely-spoken  languages,  it  has  been 
found  impossible  to  adhere  rigidly  to  one  system  ;  that  of  Sir 
William  Jones,  being  strictly  phonetic,  and  when  once  learnt, 
free  from  all  doubt,  is  undoubtedly  the  best,  and  has  hence 
been  generally  adopted ;  but  as  so  many  places,  as,  for  in- 
stance, Bombay  and  Calcutta,  have  fallen  into  an  English 
form,  and  might  hardly  be  recognized  in  the  Jones  form  of 
Mumbai  and  Kalkatta,  the  old  established  manner  of  spelling 
these  and  a  few  other  names  has  been  adhered  to. 

As  to  the  grouping  of  the  rain&U  stations,  it  would  no 
doubt  have  been  far  more  correct  meteorologically  to  collect 
them  into  natural  groups,  as  shown  in  the  table  on  the  follow- 
ing page ;  but  for  many  reasons  this  has  not  been  considered 
advisable  at  the  present  stage  of  Indian  meteorology,  and 
hence  the  following  territorial  arrangement  has  been  generally 
adhered  to  : — 
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I.  India  generally,  irrespective  of  Province. 
II.  Bengal  (under  the  Government  of  Bengal). 

III.  Bombay  and  Sindh. 

IV.  The  North-west  Provinces. 
V.  The  Punjab. 

VI.  Madras  (under  the  Governor  of  Madras). 
VII.  Minor  Provinces — including  the  Central  Provinces, 
Berar  and  Haidarabad,  Oudh,  Mysore  and  Kurg, 
British  Burmah,  and  Ceylon. 
In  some  cases,  however,  owing  to  the  arrangements  of  the 
meteorological  reporters,  some  of  the  data  for  places  in  the 
Minor  Provinces  will  be  found  mixed  up  with  those  of  the 
nearest  large  province, as  Oudh  with  the  North-west  Province, 
Maisur  with  Madras,  and  Burmah  and  Ceylon  with  Bengal. 

TABLE  OF    NATURAL    GROUPS    OF    RAINFALL 
STATIONS. 


Deticlied    

The  Eaic  Com,  or 
The  Wen  Coan,  or 
The  Southern,  Dr.. 

The  South  Cential, 

TheCenlrai/w,','.,'" 
The  North  Central, 
The  Nonh  Eallen. 

Tlit  Bengal  CoaU.o 

The  Bon|;il  Hiil,  oi 

TheNmhern,'™.'.' 
The  Noith  Weitcrn 
TheWnttm,  or  .. 


Ceylon  ..  . 
Buimese  .. 

Banplor  ". 
Belgaum  . 
ICicnDl  .... 
Puni  .... 
Nanik  .... 
N.gpur.... 
Mount  Abi 
Chernpunj 
Datc»  .... 
CilcutU  . . 
D.n,pur  . 
Bhagilpur. 
Biciwan  ... 
Murshidjhad 

Delhi 
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As  to  the  laws  of  the  irregularities  of  rainfall  over  the  vast 
continent  of  India,  and  their  causes,  nothing  has  yet  been 
positively  determined.  The  phenomena  of  the  mansuns,  and 
their  causes,  as  well  as  those  of  the  existence  of  the  large 
comparatively  rainless  regions  west  of  the  Indus,  have  been 
familiar  to  every  one  for  many  years ;  famines,  due  to  the 
periodic  rain&ll,  being  either  in  excess  or  in  deficiency  on  the 
whole,  or  at  the  usual  period  of  high  rainfall,  the  rains  being 
too  late  or  too  early,  have  existed  for  ages,  and  have  continu- 
ally decimated  the  population  locally,  without  the  causes  being 
discovered.  Sometimes  the  summer  rainfall  is  thrown  to  the 
cast,  sometimes  to  the  west  of  the  Bay  of  Bengal : — sometimes 
it  is  scanty  in  Lower  Bengal  and  abundant  in  Northern  India, 
and  sometimes  the  converse.  After  a  few  years,  when  a 
uniform  and  trustworthy  system  of  meteorological  observation 
shall  have  been  extended  all  over  India,  it  is  very  probable  that 
these  phenomena  will  be  better  understood  :  at  present  the  re- 
cord of  pressure,  temperature,  and  wind,  &c.,  of  the  Presiden- 
cies of  Bombay  and  Madras  are  practically  inaccessible,  and 
those  of  Northern  India  being  irregular  and  untrustworthy, 
the  only  records  that  are  of  any  value  for  this  purpose  are 
those  under  the  control  of  Mr.  Blanford,  for  many  years 
Meteorological  Reporter  to  the  Government  of  Bengal. 

From  these  he  has  been  enabled  to  discover  a  most  important 
law,  viz.,  that  the  position  of  the  circle  of  minimum  barome- 
tric pressure  in  Bengal  in  March  and  April  does,  in  connection 
with  other  meteorological  data,  furnish  means  for  indicating 
roughly  the  amount  and  the  distribution  of  the  mansun  rain- 
fall of  the  year,  which  commences  in  May  or  June.  We 
may,  therefore,  hope  that  in  a  few  years  it  will  be  customary 
to  announce  every  spring  the  probable  amount  and  distribution 
of  the  summer  rainfall  over  India,  and  thus  save  the  large  and 
continual  losses  of  crops  now  due  to  a  want  of  this  knowledge. 

Another  most  important  law  of  rainfall,  discovered  by  Mr. 
Meldrum,   of  the  Mauritius,  will  probably  be  found  to  admit 
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of  application  to  India.  Mr.  Meldrum,  of  the  JHfauritiiis,  oii- 
gtnally  esublished  the  law  that  the  years  of  minimum  and 
maximum  sun-spot  frequency  were  coiYicident  with  those  of 
cyclone  frequency  in  the  Indian  Ocean,  and  has  lately  esta- 
bished  the  law  of  the  coincidence  of  these  years  with  those  of 
minimum  and  maximum  rainfall  at  Port  Louis.  Now  the 
years  of  minimum  sun-spot  frequency  are — 

1833         1844         1856         1867, 

and  those  of  maximum  sun-spot  frequency  are — 

1837         1848         i860         1871, 

denoting  a  cycle  of  between  ten  and  eleven  years.  The  rain- 
fall at  Adelaide,  Brisbane,  and  the  Cape  of  Good  Hope,  shows 
a  similar  periodicity  of  eleven  years  generally,  but  the  epochs 
are  not  coincident  with  those  of  sun-spot  frequency  ;  these 
periodicities  are,  therefore,  assumed  to  be  the  natural  conse- 
quences of  the  same  law. 

Mr.  J.  Norman  Lockyer,  Superintendent  of  the  Depart- 
ment of  Science  in  Oudh,  has  attempted  to  apply  these 
principles  to  rainfall  in  India ;  he  states  that  the  rainfall  at 
Lakhnau  was  64*6  inches  in  1870  and  65*0  inches  in  187 1, 
each  of  these  amounts  being  more  than  22  inches  above  the 
fall  of  the  preceding  year  1869,  or  the  two  following  years, 
1872  and  1873,  in  which  the  falls  were  41  and  34  inches  ;  he 
also  points  out  that  the  Madras  rainfall  records  support  the 
same  law  j  they  are  thus  : — 

Inches.  Totals. 

1843—41' 

Minimum  {       1844-^45*       }      125- 

1845  —  39' 
1847  —  Si- 
Maximum  {       1848  —  40*       J.      175' 

1849  —  54' 
and   show  an   interval  indicative   of  a  periodicity  coincident 
with  that  of  the  sun-spots. 

While,  therefore,  it  will  probably  be  long  before  metcoro- 
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logical  Science  and  spectrum  analysis  together  combine  to 
discover  the  nature  of  the  connection  shown  by  these  facts, 
in  the  meantime  the  knowledge  of  the  periodicity  of  the 
rainfall  cycle  may,  like  that  of  Mr.  Blanford's  theory  pre- 
viously mentioned,  become  an  invaluable  blessing  to  India. 

At  present,  neither  of  these  theories  can  be  considered  as 
established,  indeed  the  periodicity  of  a  cycle  of  sun-spot 
frequency  is  not  yet  hilly  proved.  All  that  is  yet  established, 
as  proving  the  connection  between  the  solar-spots  and  the 
meteorological  conditions  of  the  earth,  is,  that  the  years  of  sun- 
spot  frequency  generally  correspond  'to  those  of  maximum 
solar  radiation  temperature,  of  the  black-bulb  thermometer  in 
vacuo;  while  of  the  fact  that  variation  of  rainfall  is  caused  by 
that  of  temperature  there  is  no  doubt.  A  widely  extended 
series  of  meteorological  observations,  in  all  parts  of  the  world, 
will  be  required  before  this  connection  can  be  made  to  yield 
useful  results. 

II.  EVAPORATION   AND   HUMIDITY. 

Netf  to  the  amount  and  distribution  of  rain&ll,  evaporation 
is  among  meteorological  data  the  most  important  to  the 
hydraulic  engineer.  It  is  not  sufficient  for  him  to  know  how 
much  rainfall  may  be  expected  at  any  time  and  in  any  length 
of  time,  he  wishes  to  know  how  much  of  this  has  to  be  pro- 
vided against,  or  how  much  of  it  he  can  utilise,  after  all  losses 
by  evaporation  and  absorption  are  allowed  for.  These  losses, 
then,  require  to  be  determined,  not  with  any  theoretical  degree 
of  exactitude,  but  with  a  practical  degree  of  accuracy  that  will 
be  sufficient  security  against  gross  error  or  gross  waste.  The 
large  number  of  bridges  in  India  that  have  been  swept  away 
for  want  of  sufficient  waterway,  and  the  large  amount  of 
water  valuable  for  irrigation  that  has  annually^ been  allowed  to 
evaporate  in  shallow  tanks,  are  painful  examples  of  semi- 
barbarous  engineering  management,  and  ignorance  of  physical 
and  meteorological  conditions. 
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The  evaporation  data  given  in  the  tables  are  exceedingly 
few  in  number,  and  have  mostly  been  conducted    on    false 
principles;  they  do  not  by  any  means  truly  represent  local 
evaporation   as   regards  absolute  amount,  but   are    relatively 
useful,  yielding  comparative   results,  which,   in   combination 
with  a  few  absolute  data,  and  a  icnowledge  of  comparative 
local  meteorological  conditions,'  may  be  made  to  yield  roughly 
approximate  absolute  data  for  a  large  number  of  places.     It  is 
with  this  object  that  all  available  comparative  humidity  data 
for  India  have  been  given  in  the  accompanying  tables. 

For  example : — We  will  suppose  that  we  require  a  rough 
approximation  to  the  evaporation  at  Akola,  a  place  for  which 
comparative  humidities  are   given.      The  most  trustworthy 
data  of  absolute  evaporation,  representing  evaporation  from  a 
large  standing  sheet  of  water,  are  those  of  Mr.  Conybeare,  at 
Vahar,  near  Bombay  j  they  give  thirty  inches  in  eight  months 
of  hot  weather,  or  about  forty  inches  in  a  year.     Now,  the 
Bombay  Observatory  data  give  mean  daily  evaporation  data, 
which  are  among  themselves  and  under  their  own  conditions 
relatively  correct,  although   their  sum  total,  eighty  inches,  is 
not  true  in  representing  absolute  evaporation  from  a  sheet  of 
standing  water.     We  can  therefore  tabulate  proportional  mean 
daily  evaporation  for  Bombay  that  will  be  absolutely  correct, 
thus — 


Bombay. 


January  

February 

March    

April  

May  

June    

July 

August     

September  .... 

October  

November  

December   

Mean  for  Year 


Comparative 
Evaporation 
Mean  daily. 


'240 
•250 
•283 
•285 
•322 
•174 
•108 
•135 
•151 
•217 
•266 
•270 
•225 


Absolute 
Evaporation 
Mean  daily. 

*I20 

•125 
•142 

•H3 
•161 

•087 

•054 

•068 

•076 

•X09 

•133 

•135 
•112 


Relative  Humidity 
corresponding. 


73 

71 

73 

75 

75 
84 

88 

87 
86 

81 

72 

71 

78 
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And  assuming  that  the  observed  humidities  taken  at  Akola 
and  at  Bombay  are  daily  means,  /./.  of  two  observations  in 
the  twenty-four  hours,  at  lO  a.m.  and  4  p.m.,  they  admit  of 
comparison,  and  we  can  then  tabulate  the  true  evaporation  for 
Akola,  thus — 


AK01.A. 


January 

February 

Mjirch  

April  

May 

June 

July 

August  

September  

October  

November  

December   

Mean  f  »r  Year 


Comparative 
Evaporation. 

•258 

•359 

•472 

•741 

•945 
•446 

•130 

•297 

•260 

•430 

•338 

•35a 
•419 


Humidity. 


38 
30 

36 

27 

3» 

42 

60 

56 

70 

62 

58 
51 
47 


True" 

Evaporation. 

•129        ) 

•179 
•236 

.370 

•473 
•223 

Akola. 
Deduced  total 

•06$ 
•149 
•130 

evaporation 
for  the  year, 
757  inches. 

•215 
•169 
•176 

•210        ^ 

This  assumes  that  the  evaporation  at  Bombay  and  at  Akola 
would  be  the  same  for  the  same  relative  humidity,  viz  ,  '130 
for  70,  and  the  rest  are  therefore  tabulated  in  proportion  to  the 
comparative  daily  evaporation  data  for  each  month,  getting  a 
total  annual  evaporation  of  757  inches.  This  result,  though 
confessedly  an  approximation,  is  sufficiently  true  to  be  useful 
to  the  hydraulic  engineer,  and  is  infinitely  better  than  the  old 
practice  of  basing  comparisons  of  evaporation  upon  corre- 
sponding mean  temperatures,  or  the  still  worse  method  of 
assuming  that  evaporation  all  over  India  is  about  the  same.  In 
this  way  also  we  adopt  a  means  of  utilising  the  various  evapo- 
ration data,  taken  under  such  different  conditions,  that  have 
been  generally  hitherto  thrown  aside  as  useless. 

In  the  future,  we  shall  probably  have  a  widely  extended 
series  of  evaporation  observations  taken  all  over  India,  under 
the  orders  of  Mr.  Blanford,  now  appointed  to  the  new  post  of 
Meteorological  Reporter  for  India.  If  these  are  conducted  in 
a  perfectly  uniform  manner,  whether  the  evaporators  are 
simple  tinpots,  double  boxes,  or  masonry  cisterns,  we  shall 
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possess  most  useful  data  for  purposes  of  comparison,  if  the 
relative  humidities  and  the  average  wind-movements  be 
simultaneously  observed  ; — and  from  these,  and  with  the  aid  of 
a  few  carefully  conducted  series  of  observations  giving  absolutely 
true  evaporation,  as  from  a  sheet  of  standing  ivater,  we  shall 
be  able  to  tabulate  absolute  evaporation  from  any  place  in 
India  with  sufficient  accuracy  to  serve  the  ordinary  purposes  of 
the  engineer. 

Before  anything  more  than  this  can  be  expected,  a  large 
series  of  carefully  conducted  experiments  must  be  made  in 
order  to  ascertain  more  exactly  than  is  known  at  present,  both 
the  relation  between  the  amount  of  evaporation  and  the  depth  of 
the  evaporating  vessel  or  reservoir,  and  that  between  it  and  the 
velocity  of  the  wind,  in  various  stages  of  relative  humidity  ; — 
we  shall  then  have  results  that  will  enlighten  us  considerably 
as  to  the  conditions  under  which  we  may  lose  as  much  as  half 
the  water  we  store  for  irrigation  in  India. 

The  tables  for  humidity  are  intended  to  aid  the  engineer  in 
determining  evaporation  data  in  the  fore-mentioned  manner ; 
they  may  also  be  useful  to  the  agriculturalist  who  requires 
certain  hygrometrical  conditions  to  suit  various  crops  in  dif- 
ferent localities. 

It  is  unfortunate  that  in  many  meteorological  stations  only 
two  observations  of  humidity,  viz.,  at  lo  a.m.  and  4  p.m., 
have  been  taken  daily ;  their  mean  represents,  therefore,  only 
the  mean  of  the  day,  exclusive  of  the  night,  and  is  not  a  true 
daily  mean  for  the  twenty-four  hours.  Such  means  are  there- 
fore only  comparative  means  ;  the  true  mean  is  that  of 
observations  taken  at  equal  intervals  through  the  twenty-four 
hours.  Those  of  observations  taken  six  hours  apart  yield  a 
mean  differing  only  two  per  cent,  from  the  mean  deduced 
from  hourly  observations  j  those  of  observations  taken  at  eight 
hours'  intervals  are  far  less  correct.  There  are  no  means  of 
deducing  a  true  daily  mean  from  the  two  observation  humidi- 
ties ;    these,    therefore,    only   admit  of   comparison    among 
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themselves.  In  some  cases  the  relative  humidities  are 
recorded  as  percentages  of  saturation,  in  others  as  decimal 
fractions ;  it  has  been  thought  best  to  leave  them  in  the 
form  in  which  they  were  recorded,  as  this  presents  no 
difficulty. 

A  table  showing  the  average  monthly  values  of  the  tension 
of  aqueous  vapour  for  sixteen  stations  in  India  is  given  among 
the  additional  meteorological  tables,  which  are  placed  apart 
from  those  that  are  more  useful  to  the  engineer,  viz.,  those  of 
rainfall,  evaporation,  and  humidity. 

The  hygrometrical  data  are  simply  inferential  results  derived 
from  observations  with  dry  and  wet  bulb  thermometers,  no 
direct  determinations  of  the  dew  point  by  DanielPs  or  Reg- 
nault's  hygrometer  having  been  practised.  The  calculations 
have  been  made  by  Guyot's  tables,  which  are  computed  by 
August's  formula  with  Regnault's  constants.  In  Berar, 
Apjohn's  formula  was  used,  and  the  results  were  hence  less 
accurate. 

In  explanation  of  the  various  hygrometrical  conditions  that 
are  thus  reduced  to  figures  and  statistics,  we  may,  for  the  sake 
of  those  that  wish  to  add  their  observations  to  the  common 
stock  in  a  useful  form,  offer  a  few  remarks. 

The  wet  and  dry  bulb  thermometers  used  for  observation 
are  suspended  in  the  open  air,  in  a  thermometer  shed,  screened 
from  the  wind,  but  exposed  freely  to  the  air,  the  object  being 
to  ascertain  the  ordinary  humidity  in  still,  unconfined  air. 
The  dry  bulb  thermometer  shows  the  actual  temperature  of 
the  air ;  the  wet  bulb  being  cooled  by  evaporation  falls  in 
temperature,  and  the  difference  of  the  readings  of  the  dry  and 
wet  bulb  increases  with  the  rate  of  evaporation,  and  this  again 
increases  with  the  dryness  of  the  air,  although  not  in  the  same 
ratio.  The  wet  bulb  is  never  cooled  to  the  temperature  of 
the  dew  point,  but  both  that  temperature  and  the  weight  of 
vapour  in  the  atmosphere,  and  the  relative  humidity,  are  ob- 
tained by  calculation.     The  readings  recorded  are  simply  those 
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niAemethab  and  die  JMiaenge  betJccii  those  of  the  wet  and 
irj  hniw,  eaKcpc  ac  UI  sfafBirw  in  Iii£a,  wiiere  a  barometric 
ggafeg  ia  ngL'cwJgTBioricrtDapptyacofTection,  From  these 
reaAagSy  taken  at  sz  hoar  intenrals,  2nd  irith  die  aid  of 
Gvfot's  tables,  nse^  mean  hamiiiDcs  naj  be  obtained. 


L  Tlie  tempentare  of  the  dew  point. 

IL  Tbe  actml  amoiint  of  water  mixed  with  a  certain  mass 
<^air  in  die  form  of  Tapour. 

III.  Tlie  amoont  of  water  necessary  to  saturate  a  certrin 

mass  of  air. 

IV.  The  rebtire  degree  of  humidity  of  the  air. 

The  temperature  of  the  dew  point  is  that  degree  to  which 
the  temperature  must  be  reduced  in  order  to  effect  complete 
saturation  of  die  air ;  if  then  the  temperature  of  the  air  be 
higher  than  that  of  the  dew  point  the  air  is  not  saturated,  and 
if  after  complete  saturation  the  temperature  of  the  air  declines 
rain  must  fall.  The  amount  of  water  necessary  to  effect 
saturation  varies  with  the  temperature  :  at  32^  air  is  saturated 
by  a  little  more  than  two  grains  per  cubic  foot ;  at  42**  by  3 ; 
at  49*^  by  4  ;  at  56°  by  5  ;  at  61®  by  6  ;  at  66°  by  7  ;  at  70°  by  8 ; 
at  100'  by  20  grains  nearly.  The  difference  between  the 
actual  amount  of  water  in  the  air,  and  the  amount  that  it 
could  hold  at  that  temperature  is  the  amount  short  of 
saturation  ;  and  the  ratio  between  the  same  quantities  is  the 
relative  humidity.  For  example  : — At  the  temperature  of 
32®  if  there  be  one  grain  of  water  in  a  cubic  foot  of  air  the 
relative  humidity  is  50  ;  at  100®  there  must  be  ten  grains 
present,  to  give  the  same  relative  humidity  of  50. 

The  formuire  used  for  obtaining  these  data  from  the  readings 
of  the  wet  bulb  thermometer  and  the  difference  of  the  wet 
and  dry  bulb,  arc  those  of  Dr.  Apjohn  and  of  August — the 
latter  arc  more  recent  and  more  accurate  ;  but  to  make  use 
of  them  it  also  is  necessary  to  have  tables  of  elastic  force 
of  vapour  corresponding  to  various    temperatures.     August's 
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formulae,  as  given  in  Guyot's  Tables,  Smithsonian  Collection, 
1862,  are  for  temperatures  above  freezing  (1)  and  below 
freezing  (2)  respectively, 

(0  F  =  /-  :ii^^  x^. 

.4.8  (/—/') 

(2)    F=/—      ^   \    :   y^  b. 

Where  F  is  the  elastic  force  of  vapour  at  the  dew  point  ; 

f  is  that  of  saturated  vapour  at  the  temperature  /'  ; 

/  is  the  observed  temperature  of  the  dry  bulb; 

t'  is  that  of  the  wet  bulb  ; 
and  h    is  the  mean  barometric  pressure   which    is  assumed 
=  297  for  the  plains  of  India  generally  by  Mr.  Blanford. 

Having  thus  obtained  F,  the  corresponding  temperature  at 
the  dew  point  can  be  got  from  a  table  (Drew^s  Meteorology 
or  Guyot's  tables)  based  on  experiments  on  vapour  elasticities. 
To'  calculate  the  humidity,  obtain  from  a  similar  table  the 
elastic  force  of  saturated  vapour  (F')  due  to  the  temperature 
(/),  then  the  humidity  =: 

100  F 

If,  however,  the  humidity  alone  be  required,  it  can  be 
obtained  direct  from  Guyot's  humidity  tables,  as  before 
mentioned,  without  any  calculation. 

From  Indian  hygrometrical  data,  it  appears  that  the  air  is 
least  moist  upon  the  average  of  the  whole  year  at  about  two 
P.M.,  but  this  varies  at  different  seasons  ;  the  greatest  moisture 
in  '.he  day  is  at  about  six  a.m.,  and  there  is  a  mean 
state  about  nine  or  ten  o'clock,  both  a.m.  and  p.i^.  The 
extremes  of  humidity  are  generally  the  reverse  of  those  of 
temperature  as  regards  time,  except  in  June  and  July,  when 
the  moisture  is  greatest  about  midnight ;  in  August  and 
September  the  increase  of  moisture  after  midnight  is  very 
small.  The  contrasts  between  the  humidities  of  Madras  and 
Bombay  show  the  effects  of  the  north-east  and  south-west 
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mansuns.  The  variations  of  humidity  from  year  to  year  at 
the  same  place  seem  not  to  follow  any  law,  and  the  humidities 
for  various  places  seem  not  to  be  affected  by  latitude  or 
longitude.  The  effect  of  elevation  is  everywhere  clearly 
shown  by  the  almost  proportional  lower  reading  of  the  dew 
point,  less  water  being  present  in  the  air,  a  nearer  approach 
to  saturation,  and  a  higher  degree  of  humidity ;  but  beyond 
this  nothing  can  be  inferred  at  present,  and  before  any  further 
deduction  can  be  made,  a  series  of  (Urect  determinations  of  the 
dew  point  at  various  high  elevations  will  be  necessary. 

The  places  whose  hygrometrical  state  seems  to  be  nearest 
to  that  of  England  are  Dodabetta  and  Darjiling.  Landaur  at 
the  same  elevation  as  Darjiling,  has  the  same  annual  tempera- 
ture of  the  dew  point,  and  the  amount  of  water  present  in 
the  air  is  nearly  the  same ;  but  as  the  amount  of  water 
necessary  for  saturation  is  three  times  as  large  as  in  England, 
the  air  is  less  humid.  At  all  other  places  the  dew  point  h  a 
great  deal  higher  than  in  England,  and  the  amount  of  water 
actually  present  as  well  as  that  necessary  for  saturation  is 
greater,  so  that  the  air  is  throughout  the  whole  year,  and  more 
especially  in  the  cold  weather,  much  less  humid.  At  certain 
places,  Belgaum,  Sattara,  Mahableshwar,  Dapuli,  Bombay, 
Thayatmyo,  Calcutta,  and  the  country  thence  to  Banaras,  the 
air  is  only  in  the  summer  months  more  humid  than  in 
England. 

III.— ON   THE   ADDITIONAL  TABLES. 

ATMOSPHERIC    PRESSURE. 

The  daily  variation  of  pressure  in  India  is  extremely 
regular ;  the  minima  occur  at  about  4  a.m.  and  5  p.m., 
the  maxima  at  about  10  a.m.  and  11  p.m.,  or,  roughly 
speaking,  at  about  one  or  two  hours  before  sunrise,  noon, 
sunset,  and  midnight ;  the  morning  maximum  being  greater 
than  the  evening  one,  and  the  evening  minimum  lower 
than  the  morning  one.     The  difference  between  the   mean 
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daily  readings  seldom  exceeds  *2  inches,  and  the  whole  daily 
range  is  generally  less  than  *i  inch.  The  mean  change  of 
pressure  from  year  to  year  is  generally  very  small,  arid  the 
change  from  month  to  month  is  very  constant  in  different 
years,  the  maximum  being  in  January  and  the  minimum  in 
June,  the  pressure  increasing  and  decreasing  regularly  through- 
out the  year,  the  difference  being  *26  in  the  Presidencies  of 
Madras  and  Bombay,  and  '44  in  that  of  Bengal  generally. 
Locally,  the  distribution  of  pressure,  from  the  account  of  Mr. 
Blanford,  is  as  follows  : — 

Beginning  with  October,  the  month  in  which  the  south-west 
mansun  terminates,  the  pressure  is  nearly  uniform  over 
Burmah,  Bengal,  Central,  Northern,  and  Eastern  India :  in 
November,  the  pressure  rises  rapidly  over  the  whole  of  this 
area,  but  more  especially  in  two  distinct  areas,  one  being  the 
elevated  tract  lying  south  of  the  Ganges,  including  Bandal- 
kand,  Chota  Nagpur,  and  a  part  of  Nagpur,  up  to  Banaras 
on  the  north  and  down  to  Cuttack  on  the  south  ;  the  others 
being  an  area  in  the  Upper  Panjab  coinciding  with  the  locus 
of  lowest  mean  winter  temperature.  The  intermediate  Gan- 
gedc  plains  on  the  Gangetic  delta,  the  Malwa  plateau,  and  the 
flats  of  Southern  Orissa,  fall  outside  both  of  these  areas.  In 
December  the  general  pressure  is  at  its  annual  maximum,  and 
in  January  it  is  nearly  as  high,  all  over  India,  but  the  pressure 
is  less  at  Bombay  and  on  the  west  coast  than  in  Eastern  India. 
It  is  probable  that  the  fall  of  pressure  with  the  approach  of 
the  hot  weather  is  less  rapid  in  the  Panjab  than  in  the  Central 
Provinces  and  Bengal.  In  March,  April,  and  May  the  maxi- 
mum pressure  is  about  Nagpur,  and  in  the  hill  country  about 
Hazaribagh  it  is  lower  than  either  on  the  delta  and  coast  to  the 
east  and  south-east,  or  in  the  Upper  Provinces  to  the  west  and 
north-west.  In  June,  the  setting  in  of  the  south-west  mansun 
is  accompanied  by  a  sudden  h\\  of  pressure  ;  greater,  however, 
in  the  Panjab  than  in  the  Nagpur  region,  so  that  the  locus  of 
minimum  pressure  is  probably  transferred  to  the  former.     In 
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June  and  July  the  pressure  is  nearly  the  same,  and  is  the 
minimum  of  the  year.  During  the  continuance  of  the  rains, 
the  pressure  rises  but  gradually,  but  in  October  the  close  of 
the  mansun  is  marked  by  a  more  rapid  rise,  and  in  such  a 
measure  that  the  pressure  is  nearly  equalized  over  the  whole 
region. 

A  table  of  pressure  is  given  among  the  additional  meteorolo- 
gical tables,  which  are  all  taken  from  Mr.  Blanford's  Reports. 

TEMPERATURE. 

First,  as  regards  the  mean  temperature  of  the  air.  The 
mean  daily  range  of  these  temperatures  at  places  at  high 
elevations  differs  little  from  those  at  low  elevations  in  the 
same  latitude.  The  mean  monthly  temperatures  at  the  same 
place  do  not,  on  the  whole,  undergo  great  variation. 

The  following  are  the  most  probable  values  of  the  effect  on 
the  mean  monthly  temperatures  of  an  increase  of  one  degree 
of  latitude : — 


October 

~o°-2 

November 

-oO-5 

December 

-i°i 

January 

-i°-o 

February 

-o°-8 

March 

-o"-5 

April,  no  change. 


May 

+  o°-3 

June 

+  0% 

July 

+  o<'-3 

August 

+  o°-2 

September 

H-  o°i 

the  greatest  differences  being  in  December;  they  exceed 
30®  in  amount  for  the  extremes  of  Madras  and  Bengal  with 
regard  to  latitude.  At  moderate  elevations,  the  mean  tempera- 
ture of  the  air  at  a  place  may  be  calculated  from  formulae 
which  allow  for  the  effect  of  each  degree  of  longitude,  and 
apply  to  places  within  five  degrees  of  latitude  from  each 
other;  the  effect  of  elevation  above  mean  sea  level,  viz.,  i® 
for  350  feet,  may  be  also  applied,  and  an  average  monthly  mean 
temperature  thus  calculated  for  any  place  in  India. 

Secondly.     As  regards  high  temperature  in  the  day.       The 
decrease  of  high  day  temperature  in  India  varies  everywhere 
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regularly  with  the  increase  of  elevation  above   mean  sea  level 
up  to  9,000  feet,  according  to  the  following  table : — 


Height.  Decrease. 

lOOO i^to    4i° 

2000 3°    to    8f° 

3000 6i°  to  i3i° 

4000 iii°to  18° 


Height.  Decrease. 

6000 18®  to  27f° 

7000 21°  to  36° 

8000 23°  to  44° 

9000 26*^  to  53° 


5000 15°    to  23° 

the  amounts  given  being  maxima  and  minima  in  the  year. 
There  is  also  a  regular  monthly  increase  or  decrease  of  high 
day  temperature,  due  to  an  increase  of  one  degree  of  latitude, 
thus  : — 


For  November.., 
„   December  ... 


99 


99 


M 


January .. 
February 
March  .. 


— o°7 
— o°7 
-o°-3 


For  April +  o''-2 

May  

June  

July  


If 


9* 


+    0^3 


.0. 


»» 


»» 


»» 


>» 


+    0^-4 

4 


+  o<'- 


+  o^-i 


August   ..... 
September...    -h  o°'2 
October 


p. 


+  o"-i 


The  effect  of  longitude  is  inappreciable  from  June  to  August 
and  for  other  months,  westward  stations  have  a  higher  day 
temperature  than  eastward  by  a  difference  of  about  half  a  de- 
gree for  each  degree  of  longitude. 

Thirdly.  As  regards  low  temperature  at  night.  The  effect 
of  latitude.on  low  night  temperature  is  almost  inappreciable 
from  May  to  September ;  but  from  November  to  March  the 
effect  is  about  one  degree  of  temperature  for  each  degree,  and 
in  April  and  October  the  effect  is  about  half  that ;  the  northern 
stations  being  colder.  The  effect  of  an  increase  of  one 
degree  of  east  longitude  is  greatest  in  places  having  less  than 
fifteen  degrees  of  latitude ;  it  amounts  to  a  decrease  of  more 
than  one  degree  and  a  half  for  each  degree  of  greater  east 
longitude  in  January  and  February,  to  a  little  less  than  that  in 
March,  to  three-quarters  of  a  degree  in  April,  and  to  one 
quarter  of  a  degree  in  May.     After  May  a  change  takes  place. 


(  7^  > 


wmd  from  Jue  to  Sctmiiici  tbose  phccs  with 
longicnde  jrc  frooi  aqvartcr  to  kalf  a  degree  wmum^  far  ocfa 
degree  of  loi^^iide.  The  fbOofirmg  table  gives  the  decrease  of 
tn^m  tcmperitiire  due  to  increase  of  deratioo  up  to  9,000  feet : 


I 

6ooo.«H. I  J*  to  ZTi* 


7000 15"  CD  29' 

8ooo..«  •••••••••  17*  to 

9000 19*  to  41 


1000 i*  CO    3I* 

zooo 3l*  «o    6f* 

3000 5i*  to  10}^ 

4000 8i*  to  i4i* 

5000 lof*  to  i8* 

the  amounts  given  beii^  inonthlj  maxima  and  minima  in  the 
year. 

Some  statistics  of  mean  temperature  of  the  air,  of  the 
temperature  of  solar  radiation,  black  bulb  thermometer  in 
vacuo,  and  of  grass  radiation,  for  various  places  in  India,  will 
be  found  in  the  additional  tables. 

WIND  AND  SERENITY. 

The  phenomena  of  the  mansuns  and  general  winds  of  India 
being  better  studied  from  the  charts  of  the  large  works  on 
physical  geography  than  from  any  brief  account  that  the  limits 
of  this  book  would  allow,  it  will  be  unnecessary  here  to  enter 
into  the  subject.  With  regard  to  local  observation  of  wind 
in  India,  comparatively  little  has  been  yet  done.  Mr. 
Chambers'  "  Winds  of  Bombay "  gives  some  valuable  in- 
formation for  the  year  1867  in  a  novel  form;  apd  the  two 
accompanying  tables,  taken  from  the  report  of  Mr.  Blanford 
for  1873,  comprise  everything  else  that  is  of  much  value.  A 
table  of  serenity  for  a  few  places  is  also  given. 

In  conclusion,  the  Meteorological  Statistics  of  India  are 
still  too  incomplete  and  irregular  to  lead  to  any  very  important 
scientific  result — in  fact,  they  do  not  yet  arrive  at  the 
sufficiency  required  by  the  engineer  j  nevertheless,  a  judicious 
use  of  such  data  as  we  possess  may,  it  is  hoped,  prevent  the 
recurrence  of  such  difficulties  as  have  so  frequently  occurred 
from  totally  ignoring  them. 


TABLE 

(Or    GUYOT,    ARRANGED    BY    BlANFORD) 

FOR  FINDING  THE  RELATIVE  HUMIDITY  OF 

THE  AIR, 

FROM  THE  READINGS  OF  WET  AND  DRY  BULB  THERMOMETERS, 

SATURATION  BEING  100. 

FOR  THE  USE   OF  OBSERVERS. 
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Ibbioated  Crops  and  Plantations  and  their  Watering. — ^Watering  of 
Crops  in  Spain,  France,  and  Italy,  [1101  to  [112].  The  Irrimted 
Crops  of  the  Panjab  and  their  value,  [113].  The  Seasons  of  Crops 
in  the  Panjab,  [114]  &  [115].  The  Watering  of  Wheat  and  Bice  m 
the  Panjab,  [116].  Canal  Plantations  of  tiie  Panjab,  [117].  The 
Crops  of  Orissa  and  their  Seasons  of  Watering,  [Ho].  Experiments 
on  the  Watering  of  Bioe  in  Orissa,  [119].  The  Wet  and  Dry  Crops 
of  Barar,  [120]  ^  l^^l  .Irrigation  from  Wells  in  Barar,  [122].  The 
Crops  of  the  Madras  Presidency  and  their  Seasons,  [123]. 

Indian  Water  Bates  and  Waterings.— In  Northern  India,  [124]  to  [126]. 
In  Southern  India,  [127]  to  [128J. 

Descriptions  and  Analysis  op  Water,  Silt,  Ac. — ^Proportion  of  Silt  in 
various  rivers,  [129].  The  Water  and  Silt  of  the  Nile,  [130].  Analysis 
of  the  Water  of  the  Ganges  and  two  of  its  Affluents,  [131].  Of  the 
Jamna,  [132].  Of  the  Indus,  the  Bivers  of  the  Panjab,  Oudh,  and 
Bohilkand,  [133]  and  [134];  and  of  Central  India,  [135].  Analysis  of 
the  Water  of  various  Indian  Canals,  [136].  Besnlts  of  Analysis  of 
the  Waters  of  Wells  in  various  Stations  of  Northern  India,  [137  J.  Of 
the  Madras  Presidency  and  British  Burmah,  f  138].  Of  the  Town  of 
Madras,  [139].  The  Flora  of  the  Peshawar  Marsh,  [140].  Descrip- 
tion of  Well  Water  of  the  Stations  of  the  Bombay  Presidency,  [141]. 
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INDIAN    METEOROLOGICAL    STATISTICS. 

Season  Bainpall:^ 

I. — India.— Averages  for  72  Stations  np  to  1872  .    pp.  (1)  to  (3) 

M£AN  Monthly  Rainpall: — 

II.— Bengal— For  16  places  before  1861,  (4).  For  48  places  np  t6 
1869  or  1873,  (5)  and  (6).  III.— Bombay.— For  24  places  before 
1861,  (7).  For  205  places  between  1860  and  1869,  (8)  to  (16). 
IV.— North-West  Provinces.- For  13  places  before  1861.  V.— 
Panjab.— For  9  places  before  1861,  (17).  IV.— North- West  Pro- 
vinces and  Gudh.— For  )ll  places  between  1867  and  1872,  (18). 
v.— Panjab.— For  32  places  between  1867  and  1872,  (19)  and  (20). 
VI.— Madras  and  Maisnr. — For  35  places  before  1861,  (20)  and 
(21).  VII. — Minor  Provinces. — For  24  places  in  Uie  Central  Pro- 
vinces, (22).  For  24  places  in  Haidarabad  and  Barar,  (23).  For 
16  places  in  British  Bormah,  (24). 

Day  Maximum  Rainfalls  and  Special  Rainfall  Data:— 

Extraordinary  Rainfall  Data  for  Sonthcm  India,  (25).  III. — Bom- 
bay.— For  Five  Stations  in  Ten  Years ;  special  falls  at  4  places, 
(26).  IV.— North-West  Provinces  and  Oudh,— For  20  places  in 
six  years;  special  falls  at  8  places,  (27).  V. — Panjab. — For  32 
places  in  fonr  years,  (28).  VI. — Madras,  Maisnr,  and  Curg.— For 
5  places.  VII. — Minor  Provinces. — Haidarabad  and  Barar ;  for  8 
places  for  eight  years,  (29).  Central  Provinces;  for  9  places  for 
two  years,  (30). 

Humidity  and  Evapokation  : — 

I.— India,— For  27  places  before  1861,  (31)  &  (32).  For  27  places  be- 
tween 1867  and  1873,  (33)  &  (34).  Modem  Hnmidity  Data,  (35) 
to  (37).  II.— Bengal.— For  16  places,  from  1867  to  1873,  (38). 
Evaporation  Data  of  Bombay,  Akola,  and  varions  places,  (39); 
of  Pondicherry,  (40) ;  of  Madras  and  Chandamaggar,  (41).  The 
conditions  of  their  observation,  (42). 

Additional  Meteobological  Tables: — 

Monthly  Mean  Pressure,  (43)  &  (44).  Average  Monthly  Temperature, 
(45)  &  (46).  Solar  Radiation,  (47).  Grass  Radiation,  (48).  The 
Tension  of  Aqueous  Vapour,  (50).  Wind  Resultants,  (51)  &  (52), 
Serenity,  (53). 

Genebal  Remabks  on  the  Meteobology  of  India: — 

Rainfall.  Evaporation  and  Humidity.  The  Additional  Tables.  Table 
of  Guyot  for  finding  relative  Humidities,  corresponding  to  thur- 
mometrical  Readings pp.  (54)  to  (77) 
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